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ABSTRACT 


A functional design of a wticroprocessor-based 
System 1S proposed 325 a2  nodel LOL the Naval 
Environmental Dispiav tation for use by the Naval 
Weather Service Enviro.nental Detachments. The design 
Consists of four smodiles: control, communications, 
storage, and display. aA software program prototype 
that Simulates many of the proposed functions of the 
eont rol module is discussed. fhe processing 
requirements POE che communications module are 
presented OG With a proposed hardware 
Comr2 guration. The storage module, based on a floppy 
disk system, 1S explained and its reguired functions 
defined. Peeitap lay emgeavie Utila zing an intelligent 
terminal and <WO SS is considered. The 
microprocessing systen was designed to Show not only 
the power and flexibility of this system, but also to 
demonstrate a potential application of low cost 


tiPchOprocessor technolowy. 
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I. BACKGROUND 


Pee PERATIONAL REQUIREGENTS 


The range of modern weapon systems and the speed with 
which present military oxserations often take place have 
dictated a need for worldwide and "real time" environmental 
information. This implies that military commanders have a 
need to know aS guicxly aS possible not only what 
environment their forces will likely encounter in the 
PucUuLre, Dut also the sresent environmental conditions 


empeughout the world. 


The meteorological comunity has made great strides 
towards providing the real time support required. Digital 
computers, already in 18¢, can rapidly assimilate and 
produce acceptable analysis and forecasts rron the 
appropriate raw environzental data. The processed 
environmental parameters are then disseminated for the 
immediate use of the SGesatenak “Units. Full ceal, tage 
Support is dependent upon the timely receipt of raw data and 
the delivery of the products, once generated, ints the hands 
of the operational users. High speed automated 
PemenscationS iS the crucial factor in the attainment of 


the real time data requirenent. 





pee OUPPORY AGENCIES 


The Naval Weather Service Command is responsible for 
providing all of the environmental support required by the 
Naval community. This support, both meteorological and 
oceanographic, 1S supplied through the Fiest Numerical 
Heather Cantral (FNWO) Located at Monterey, California. A 
primary mission of tne Flesat Numerical Weather Central is to 
provide a complete set of worldwide environmental services 
and products in Support si the entire spectrum of Haval 
operations and planning. Fleet Numerical Weather Central is 
also tasked with having &@ near real time operation due to 
the beEIshabily ty of the environmental data and the 
necessity of providing Juicx response to worldwide Naval 


operations. 


Ficet Numerical Weather Central receives inputs through 
@eservations collectei by the Air Force, the National 
Weather Service, and the rleet Weather Centrals (FWC), via 
high speed data links. Fleet Numerical Weather Central then 
utilizes this data to ecroduce environmental parameters. 
Mimese —productS are distributed in a variety of forms 
(Charts, graphs, messages) to the Fleet Weather Centrals, 
where further processing and relay to other Naval units 1s 
meeonmplished. This final relay is via radio facsinile, 
radio teletype and data links. The World weteoroloyical 
Organization, a United Nations activity, collects weather 
Miers trom Sources througnout the world. This data is 
distributed to the Naval coaaunity over the United States 


Air Force Automated Weather Network (AWN). 


Fleet Numerical Weather Central is the primary source of 


Gita fOr all Nav@i units. Every twelve (12) hours a 





Se olete cycle of data projucts is made and then distributed 
mom ieet Weather  Centrzais throughout the world. The data 
are transmitted over the '3val Environmental Data Network 
(NEDN) to the appropriate 7¥¢C activities. The Naval Weather 
Service Detachments (NwWSED) and the weather units aboard 
ships receive the data products from the Fleet Weather 
Centrals over facsinile and teletype Cur Gilets 
Communications networks operated by the National Weather 
Service transmit Similar rorecasts and analysis. The Naval 
Weather Service Detachments, within the Unitad States, 


normally avail themselves 32 this additional service. 
Mee DISPLAY STATION CONCzEr. 


Hai ah effort to upgrade the existing communications, to 


overcome systems ees. 1 Ons, and tO expand the 
environmental support, the Naval Environmental Display 
Station (NEDS) was conceived and a prototype designed. {he 


Naval Environmental Display Station was to be primarily a 
communications device, 2s set forth by the Chief of Naval 
Operations in CNO jetter serial 1339 of 14 November 1972. 
It was enviSioned that the users of this device would cover 
the spectrum from Fleet Nunerical Weather Central (FWNFC) 

ween NnUMeroOUS environnent2lists on watch, to the small 
feereat commands, with nd meteorological expertise. Every 
Mememyity having a Critic2i requirement for the predictions 
and current status of environmental parameters, would be 
equipped with a WNEDS. Reference 6 contains a general 
description of the Naval Weather Service Command, the 
GOmmunications networks, 2ne the specifications for the 


Smginal NEDS configuration. 


The present NEDS protozyoe utilizes a mini-computer as 


@ee "central cotitrol™, The system was designed ta he 





programmable oat at PNYS and not at the individual station 
Sites. All Staliations were to have an identical 
G@omLicuration of hardware, firmware andi software. BVeLy 
Station would be capable cf performing all of the various 
meeps functions. The HzD5 is unigue in Naval systems, in 
met it utilizes state-of-the-art technology to provide 
communications and display of both alphanumeric and graphic 
messages. Pile i carakecemaeprece the “Original NEDS" 
@emraguration, the planned NEDS applications and provide a 
general idea of the intended capabilities of the original 


eos Concept. 


Due to the Spiralling costS involved with the original 
NEDS units, and the cutback in defense funding, it was 
determined COMED Cum tl maeteeal uO “equip every facili 
requiring meteorological ata with the original EDS 
configuration. Therefore, the Fleet Numerical weather 
Memeral and the Computer Science Group of the Naval 
Postgraduate School, Monterev, California, becane interested 
in developing an alternative NEDS proLtoty pe. This 


alternative prototype design is based upon microprocessor 


- 


technology. The microprocessor system wWiil provide the 
femmunacation, data storage, and data retrieval control. 
Mites System design is 32n attempt to achieve maximan 


flexibility while minimizing the costs. 


tee WoED DESCRIPTION 


Emphasis was placed upsn the development of a functional 
Specification for a Naval Environmental Display Station 
(NEDS) that would best be utilized at the Naval Weather 
Service Environmental Detachment (NWSED) level. An attempt 
Was made to meet all syst22z capability regquirerents, and yet 


Reep costs fer below the present prototype. 
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The Naval Weather Service Environmental Detachments are 
located at Naval Air Stations throughout the world. fhe 
ieee is novmally mannei by one or two meteorological 
officers and from ten to twenty enlisted aerographers mates. 
Each NWSED provides all the environmental data reguired by 
the air station, which includes aviation squadrons, flag 
officers, staffs, and other activities. Each NWSED receives 


weather data over multiple communications circuits. 


© 


Two general categories cr data are retained by a NWSEDB: 


alphanumeric and Grie hc. These two data types are 
currently Gans git eed LO the NWSED over seperate 
communications lines. The graphic data is provided to the 


NWSED via analog ({facsiai CreCio tomers fe ap OLOpriate 


Fleet Weather Central. 


4 
(D 
-j ~~ 


The alphanumeric data can arrive 


z 


(}} 
Y) 
ho 


we 


from any number of agerci MiedeVearlety sol formats. hae 


NWSED haS one or mora t2isetype circuits (100-250 words per 
Minute) on the Air Force Aiztomated Weather Network {AWN}. 
[mere CITCuItS will sott be increased to 1200 bits per 
second (2100 words per niniute). The AUTODIN, a computer 
communications network, PomeOcceslonaltly used fom — the 
transmission of weather information, and in addition, some 
NWSED units are served through local civil weather networks. 
Thus each NWSED unit normally receives facsimile and 
tetetype information fron the appropriate Fleet Weather 
@emttral, weather data fro2z2 the AWN circuit, information fron 


meemeurTODIN, and reports from various civilian sources. 


The information trans@itted to a NWSED 1s noraally 
asSimilated hy one or sore computers in the weather network. 
Computer processing has increased the amount of weather 


information available ani the speed of its delivery. 
Fach NWSED unit is rezaired to maintain and update files 


Game required inrormation. Pits. —intCcrmation 2S <.,éeceived 


throughout the day on the various teletype and facsimile 


ie 





Circuits. Each circuit serves several NWSE ivEss OF 
Similar units, and only a dortion of the information carried 
will be applicable to tie individual station. As reguired 


information is received, iz is presently filed on a display 


- 


ay 


board. Each new updat of a teletype bulletin or map is 


de 


placed over the previous 2z%isting one of the same type. 


ajes and bulletins are removed 


tJ 
(2 


Periodically, over-aqde 


a 
ta 
1 


and filed or destroyed. hen ps aide cone into a NWSED to 


4ap 
ct 
Heit oe 


be briefed on the weather (locally, nationally, or 


oes them the particular maps and 


+s” 


worldwide) the forecaster 5 


(DP 


teletype bulletins of interest. In the case of an aviation 
Gmew, eWeather informatioz 1S recorded on their flight 


clearance form. BOR co oo crews, the forecaster must at 


uu 


(D 
ow) 
ra 


times provide a cross s of expected weather along the 


intended flight path. L 


12 


11S a forecaster must, except for 
immediate local weather information, prepare the briefing 
ahead of time. This predaration requires the forecaster to 
consider numerous teletype lletins and consvu)t various 


weather maps. 


im addition to briefinzs, the NYSED unit is required to 


prepare a number of. routine Forecasts for local use. These 
rorecasts, along with other Local environmental obDarameters, 
are transmitted on the tetetype networks to other units. 
The recipients of these reoerts include the Fileat Weather 
Central (FWC) which suposorts the detachment's data needs. 
The transmissions are prep2r22 on an eStablished schedule, 
Gommigealil available inforsz2tion. 


In some cases inforz2ation is needed which is _ not 
normally scheduled to be received at the NWSED. When such 
information is reyuired, an Automatic Response to Query 
(ARQ) is used to optain tne necessary data on the'AWN 
@eeeeurt. The center controliing the AWN circuit extracts 
the requested information fron its data base and transmits 


Pereuctally In a MattSemor 2inttes, to the re@guesting unit. 


Bs 





Pee DESIGN CONSIDERATIONS 


A microprocessor-baséi iisolay system for use by a Naval 
Weather Service Detachment (NNSED) should be able to receive 
Pet dalphanumeric ani graphic forms of data. The svstem 
must stoce this data, retrieve it on demand, and display it 
in a format convenient fsr tre forecaster's use. The systen 
should also assist in the preparation of outgoing messages, 
such as forecasts, warnings, and Automatic Response to Query 
MBeemests. All data Wili be digital, utilizing a vector form 
Of graphic data to repl2ice the current analog (facsimile) 


fort. 


In order to effectively operate at the NYSED level, an 
information system must be both easy to operate and easy to 
maintain. The system users will be enlisted aerographers 
mates and meteorological officers. Both groups of potential 
users have had extensive ‘training and experience working 
wimemecoded data, but may have littie or no background in 
Geseaes pEOCeSSing. TO es aer the proposed retrieval and 
display system, only a short introduction to the systen 


- 


conmands should be reguired. 


Maintenance personnel cuaiified to repair computer 
Systems will not normally be available. Software routines 
Should be provided to aid personnel in systen error 
detection. The Naval Environmental Display Station unit 
Should be as modular as possibis, allowing hardware problens 


to be isolated to a given section. The defective module nay 


a9) 


O 
mem be replaced locally 2223 returned to a central repair 


mret lity. 


The capabilities necessary for an information system to 
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be effective at 3 
MreroODLOCcCeSsSOr CirCcultcry. 
proposed consisting 

communications interface, 


-” 


ama a floppy disk stoxrage 
study the basic functicns 
the of 
exercises many of the 
the of 


developed and will be 


i 
(Dp 


feasibility 


ct 


* 


a 


rH 


(ay 
— 


ita 


feasibility 


hy) 


o 
dis 


this report. 


WWSED are available today in 


An information system has peen 


Se a Con teal & a 


(CRT) 


This paper is intended to 


on 
1 Teathnode pay tube (CR CaSO way 


device. 
of such a system and to determine 
Droposed gesign. A program which 


Poaceae runectvons and demonstrates 


icroprocessor-based system has heen 


cussed in the following sections of 
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Pia Slo tity OVERVIEW 


—_ee ow ame 8 eo ee ee ee ee ee ee 


Pee ARDUARE CHARACTERISTiCS 


The Naval Environmental Display Sea cron (NEDS), as 
proposed, will consist o£ a wtWlcroprocessor-based central 
control with a communications interface, two cathode ray 
moe (CRT) displays, and 


hardware will be organrizea into four nayor modules: 


hy 


floppy disk storage device. The 


SemmuntcatlLons, storage, control, and display. Figure 3 
presents a diagram of the oroposed system with the module 


interface characteristics depicted. 


The communications. supsection is a straightforward design 
problem. Similar communicztions modules are already being 


utilized in other systems. Figures 4% and 5 show part of an 


envisioned design. 


The major fame oO fh of this module is the 
Msimultaneous" transmission and reception or data. The 
communications module will be capable of handling several 
communication lines operating at various speeds (75-9600 
bits per second). This subsection will recognize the 
incoming data, remove the synchronization pulses, perform 
Boeme preprocessing, buffer the incoming data, and pass the 
Mema tO the control module on demand. The communications 
Meeule will contain a @icrosrscessor, the necessary memory 


By 
mre processor @ontrol and Petree ring, 4  Uwniversal 





asynchronous recelivelt/transnitter (UART) Os each 
communications Line, and the circuitry needed to interface 


feeet tne control module and the communications lines. 


2. The Storage Module 


— ae ee ane ore ee ew ee ee ee 


The storage section consists of a dual drive floppy 
disk systen. This Supsection 1s available as an 
off-the-shelf component frog a number of manufactures. NO 
hardware or other modifications would be required to utilize 
such a disk system in the present design. The disk 
controller, and the necessary software for system operation, 
Willi be physically iocated in the control module and are 
currently under development. Figures 6 and 7 depict the 


controller interface and the commercial floppy disk systen. 
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The control module will consist of a microprocessor, 
memory, and the components necessary to interface with the 


Other modules. Meee riunGcitaons of the control module are: 


* receive data fron the communications section, 
determine what data is to be retained, and format the data 


for storage 


ry 


direct the floppy disk in the storage and 


retrieval of information 
* perform self test and error analysis 
“Sonterpret inputs from the operator's keyboard 
Mo ce OrOverlyetorma:tted data and control Signals 


to the cisplay module 


SS 
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* maintain and update the tables necessary to 


Meeess the siored information 


4. The Display doiuis 


This mod@mle will consist of two, television ype, 
cathcde ray tupes (CRT) and one entry keyboard. The display 
Mowe Will function not oanly as a display, but will also 
perform some data manipulation and processing. One CRT 
Subsection will accept graphic data and formatting commands 
Peom the control moaule, unpack the data according to the 
formatting commands, place the data in a display nemorv, and 
rerresh the CRY fron thiS memory. THis see@ron 762  2ne 
display module 1S being developed by Compata Inc. under 
@Pemtract number N62271-75-N-0646, and should he operational 
Dy June 1975. The second CRT will be used for alphanumeric 


gnformation display. 
The entry keyboari will be interfaced with the 


control section via the connunications module. fhe keyboard 


memeeoe handied as an additional comnunications line. 


PameesOrTWARE CONSIDERATIONS 


The proposed systen would consist of five (5) software 
modules: executive controller, communications, data storage 
and retrieval, graphics, and alphanumeric display. Ail 
software should be desSigneéi to incorporate the following 


specifications: 


* make maxinumn use of existing software. 


* utilize modular programming in order to permit easier 


ue 





modification, expansion, 22d future software development. 


* utilize a high level language, such as PL/4, for all 
software modules. The acdvantayes of high level tlangtiage 
utilization are numerous. The manpower savings gained in 
Simplified program mainter2znce, the reduction in programming 
time, and simplified docurzentation are but a few of the more 


obvious reasons a high lev2i language should be used. 


feeescelect the optinrnii xzemory buffer size. Consider not 
only memory allocation, put aiso the number of disk access 
Securrences which will be required. 


es 


* consider the us2 3f dynamic disk storage instead of 


allocating specific areas to individual data types. This 
a 


would inaximize the disk ar2a available for data storage. 


BemeeeoGlCAL CONSIDERATIONS 


rt 


The most important considerations in the design of the 


Meaacal structure of the svsten were: 


1) reception and storage of data 


2) system conmands desired 


eye information retrieval 


G) intormation display 


Considering the smail number of different queries 


,U 


4 ’ 


required and the assumed rfaniliarity of the user vith the 


3 


i 
U) 


information system, ite 2 and 4& above present little 


ty 
(p 


Geet acuity. Liem eaeust analyzed to determine if 


ie 





information retrieval can be accomplished rapidiy enouqgh to 
satisfy the user. Item 1 must also be analyzed to ensure 
that processor and @aisk speeds can handle the input strean 


— 


Without losing data or de2¢d locking the systen. 


The time between a request by the user and the 
appearance of the requestei display should be in the order 
Saeed Lew seconds. System response is dependent upon the 


tame to: 


* locate the proper file 

* transfer the file from the storage device 

* format the file 

see display 

Tables i 2: and 3 delineate the system data 
requirements, a possible file SCruUCt ULE, and timing 
@erculations. Considerinz the relative complexity and the 
volume of data involved (se2 Table 1) the request for a 
Seegerco | 8diSplay Will oprospnably be the most time consuming. 
mmewenLOrmation in Table 2 lists a proposed file structure 
with the resulting estiaatec response times presented in 


faebe 5. The maximum of 7.5 seconds, as computed in Table 
3, iS within the uSer response time requirements. See pages 


mec 42 fOr atiplification of the timing constraints. 


Effective handling of the input stream 1S dependent upon 
the file structure used. Soze of the major considerations 


in arriving at the proposeji file structure were: 


* The relative size of each graphic and alphanumeric 
Meeoade, and the NWSSP teguicements for such data, suggests 


that each graphic messaye be contained in one file and each 





of the alphanumeric data types be grouped together as a 


Single file. 


* Disk seeking will be a major time delay factor and 
must be minimized. By keeping file sizes relativaly small, 
disk head movement after the initial seek can be limited to 


one track. 


* Information retrieval should not require excessive 
linear search. Small file sizes will reduce the data search 


ah e. 


* The data request should uniquely deternine the 


Modteal file. 


* The logical file si5ald be directly linked to the 


physical file. This will shorten the search time. 


A commercial floppy 31Sx operating system has been 
implemented and allows aicroprocessor control of a floppy 
aask. The disk file structure is adaptable oO) the 
information reguirements of the NWSED system. Important 
characteristics of the disx operating system are shown in 
Table 4. 


The proposed file structure iS implemented by the 
O 


u 
1fics on the file structure, the 


J 
rs 
8) 


SOnerOl progran. i 


(LD 


Cec 
Gata retrieval logic, an=2 the command priority systen, 
Semeart the Sections which follow and the program listing in 


Appendix A. 





Peso tC SYSTEM ARCHITECT IY2&E 


A communications processing system must handle a large 
humber of data lines, all operating simultaneously and 
independentiy, and all capable of demanding dynamically 
varying processing and storage loads. The system must be 
designed to respond to ali of the requirements of all the 
lines at all times. In a coOnnunications processing system 
each message must be processed Serially through the systen 
by task, and each task must be executed within a specific 
time interval. Aggravatéei by the condition that a large 
number of messSsageS are continually flowing through the 


system in various -stages of processing, the complex nature 


of communications processing ana computerized message 
SWitching becomes apparent. The computer must rapidly 
SWitch processor attentisn fron message to message, 


performing each reauired tasx, for each message, within the 
time constraints for that task and that message. A systen 
designed around a number of nicroprocessors, each performing 
@emratin functions, and coupled through shared memory, could 
have many advantages, both in cost and performance, over one 


large system. 


In such a design, each processor module 1S assigned only 
@eetain “SpecifixG operations, and gt: performs these 
Operations on all messages received or transmitted by the 


Systen. The processing of each message is performed in a 
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Serial “Washion with th: message passing fro module to 


( 


yy) 


module via common/sShare Memory Or input/output vorts. 
Shared memorv 1s utilizei for information transfer between 
mane control module and the graphic display. Direct memory 
access is available for data transfer between the disk 
aren and the control module. Processor input/output ports 
are employed in data movement between the communications 
module and the rest of the Naval Environmental Display 


Seat 1on (NEDS). 


The communications module is dedicated to the buffering 
and preprocessing Of the communications lines. The 
communications section raceives input characters, assembles 
them into memory buffers, and passes the information, on 
défaand, to the control module via an input port. On output, 
the communications processor receives the message 
@matacters, under the conzand of the control module, fron 
the terminal display processor. The message is buffered in 
the communications Meno y, and transmitted on the 
appropriate communications lines, when directed by the 
control section. The communications processor also 
Maintains timing information, detects parity errors and 
other failures in the transmission lines, and passes this 
Mieemmation to the control module for possible display to 


the user. 


The control module processes the input characters 
serially as received from the communications processor on 
the data bus. The control section validates and interprets 


all polling responses and message headers, generates 


ey 


acknowledgements and diagnostic messages. In addition, the 
control medule utilizes its "disk operating system" to 
allocate storage, per 

b> 3 


validates and processes 


Ber a read/write operations, and 
li commands addressed to the floppy 
2, 


@ask System. The “disk operating system" is discussed in a 


later section of this paper. 


ma 
Ze 





The control section continually verifies the operational 
Status Of each module, including the floppy disk, monitors 
the condition of each connunications line and appropriately 
updates the polling base, aralyzes and reports all detected 


BErors and performs diagnostics as directed by the user. 


Part of the control nodule memory, shared with the 
display module, is use2 for transient information passing. 
fees transient information is the output of a process in the 
control module, and is the input the display module accepts 
for the processing it performs. The transient information 
is placed in allocated buffer areas of the shared main 
MEMOLy. The use or shared main memory by the two 
asynchronously operating processors requires the use of 


sophisticated software and hardware techniques. 
B. POLLING ROUTINE 


The method used to nultiplex the different peripheral 
lines to the control module is the poll and select method. 
This method allows for ali input lines to communicate with 
the control section, via the communications module, over a 


Single line as illustrated in Figure 3. 


The communications module sets a one bit flag whenever 
Seer is available ina buffer. Each communications line has 
a separate buffer area in the communications module memory. 
The control module uses the flags to determine which buffer 
to empty, tnus indirectly selecting which communications 
line will be handled next. The polling routine establishes 
Maem prioritics of “the variscus incoming data lines. Cone 
mie program bisting (procedure find-a-line) for present 


Voiueng characteristics. 
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See naIlIN TABLE 


feeb lmwpue and Output Operations wodate and/or utilize 
mie s'main table”. The main table is the index tc the 
information stored on the disk for both the control progran 
and the operator. The table contains a table line number, a 
jmitte index, the date tine group of the information, the 
backgrounac number, the security classification, and the 
number of check Sum errors that were detected during 


reception. 


Copies of the m&in tabie are always retained both on the 
disk and in the control nodule memory. Phe main table may 
be initialized at systen "start-up" from data stored on the 


Meck Or Dy clearing the tidble area. 


PeeeeoOrTWARE 


The proposed systea operates in one of two states. In 
the command state all information received by the control 
module is treated as systen commands. In the receive state 
Seitewcontrol program considers ali incoming data to be part 
of a bulietin. These two states are discussed below and the 


control program implementation is presented in the progran 


listing. 
The control prograan utilizes multiprogramming to 
accomplish the required data manipulations. Each 


communications line, including the keyboard, 1s processed by 
an execution sequence independent of the other lines. The 
control program polls froz line to line, executing the 
Meeessaly Program Steps £56 that particular line. Figure 3 


Shows the data flow in a system configuration where one line 
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Zon the |6|6CONMand 6 6©6Mmode 36 6cand:6C6CUcamll]6Uot ther 6Lines are in the 


receive mode. 


Two buffers and a line information area (HEADER/FCB) are 
allocated in the control module memory SOE each 
communications line. The burfers are 128 byte records with 
an additional byte allocated for each record for buffer 
meeess control. The information area contains program 
pointers, mode keys, and the other data necessary to 


lmplement multiprogranmming. 


The control progran continues to process the same 
communications line as long as the communications module has 
data available in the line's buffer area, and an end of 
bulletin is not receivei. Once the Control program empties 
the communications nodule buffer for the line in processing, 
Maem end of bulletin is received, a return to the polling 
routine 1s executed. The polling routine currently in use 
always tests for avaiiable data in the same sequence (high 
speed line first, keyboard last). The first data line's 
buffer encountered by the polling routine with information 
present results in selection of that line for processing by 


mremecontcrol module. 


1. System Commands 


Normally only the keyboard line 1s in the command 
mode, but any communications line can execute the control 
program in the conmand state. Any communications line can 
access the command mode by sending a unlgue Seguence to the 
Station where commands are to be executed. Once in the 
command mode the following inputs are allowed, all others 


being disregarded. 


~~ 
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ais Reset 


Picwesystem 81s comouletely re-initialized by the 
reset command. The disk 1s reset and the control program 
fei execute the following "power-up" routine. Until tne 
Operator indicates via the keyboard whether the disk 
contains a@ valid main table, the system will idle. The main 
taole iS initialized from the disk or it is cleared (see 
Main table description above). All buffer parameters and 
all information areas are set to a system start value. The 
keyboard line is placei in the conmand mode and all other 


[meen are set to the recaive state. 
b. Table 


The main tadie is displayed on the alphanunerics 
nT. Mie ability to r escape from the table mode is 


p O 
Provided, The title ind2x is converted to a plain English 


Cc 
Mmextecitle prior to CRT dispiay. 
eo eubasplay 


Tice OlMemoheBP rogram requests a twoO=digit input 
to determine which file is to be displayed. The digits 
input are to correspond to the main table Line nunber 
associated with the file requested for display. A osysten 
test ensures that the input is valid and that a file exists 
at the table line number entered. If the input is invalid a 


new command is requested. 


If the file raquested contains graphic data, the 


File and a backgrounc are sent from the disk to a shared 





Memory area. The displ2v processor then formats the 
information received via the shared memory for visual 
Sesplay On the graphics terminal. All other files are 


output directly to the alvdhanunmerics CRT. 


During execution of the display command, the 
@ertrol program transfers only one record, 128 bytes, prior 


to returning to the polling routine. This enables a higher 


Meeority communications iine to "interrupt" the display 
command. 
d. Erase 


Hiewmeonwtanaspaaecram requests a two-digit entry, 
motar t2 the display resiuest, in order to determine which 
file to erase. After verification from the operator that 
the correct digits were entered, the file is deleted from 
the main table and the disx space allocation and the disk 


table are updated. 


e. ARQ 


This connmand, not oresently inplemented, 
displays a message format on the alphanumerics display. The 
System user then provides the necessary information to 
complete the message. rhe completed message form 1s 
Beewarded to the communications module for verification and 


ie@enemaSSion on the appropriate circuit. 


ee ee ODy 


This command is not presently implemented. The 


Soy  COMvand will transfer tne information from one disk to 


oa 





another. 


g. Receive 


The receive cozrsand places the communications 
line which is being processed into the receive state. Any 


data following this commani 1s regarded as message traffic. 


ne rind 


The find coumand requires a five digit or three 
letter station identifier from the data Line currently being 
processed. A linear search through all "hourly raports" is 
then executed. EVery occurrence of a match between the 
@nput identifier and a storeai station list results in an 
aiphanumeric Oe DUG. Tae search and display can be 
terminated at any time. NOrmtErcation 1S Sent “fo the 
operator if either an unsuccessful search or a request for a 


Station not retained by the system is made. 


2. Message Handling 


When in the receive mode the control program files 
the miecomning data, if the information is to be retained, 
according to type. Eitner the system retains the complete 
bulletin or the system selectively retains messages within 
Mm@empulietins. Consult the program listing for details on 


the exact system irmplesentation of receive mode routines. 


are Bulletin Retention 


TeOlmeneGcolpeL sO. a Start CE bulletin indication 


Zo 





mom che Communications zodule, the control program begins 
Beocessing the data strean. The bulletin title is loaded 
#nto the control module information area for the line being 


MGeetoOmaeternine 1f this bulletin 


ES 


processed. A test is 
type 1s to be retained. If the bulletin is not retained, 
the communications acaiul2 1s instructed by the control 
peocessor to “dump” ( all data received on the line 


d ) 
mmerl a new start of bulletin 1s received. 


Tf the bulletiza is to be retained, a disk file 
is created. The infornc2ation received is stored a record at 
a time, utilizing the buffers in the control module, until 
feed Of bulletin inaicstor is receivei. Woon the receipt 
Memcne nd of bulietin 32 control program updates the 


appropriate main table 


(1) 


ntries in memory and on the disk. 
If excessive check Suc errors are encountered or the 
bulletin is inccenplete {no end of bulletin) the file is 
closed and deleted thus fr2eing any disk space that may have 


been utiiized by the file. 


The Same basic process is utilized during 
retention of messages #ithin a bulletin. Depending upon the 
feeemetime group of thea bulletin, either the data to be 
retained is added to an existing file or a new file is 
created. If a new file is created the table will be updated 


meometeceipt of the end of bulletin mark. 


If the bulletin 1s the proper type, the message 
headers in the bulletin are compared to a stored 1listinga. 
ities a match occurs, the information up to the next message 


header 1s filed. 





vem wecOtc ww eCn hLONS 


fee eS OOF INFORMATION 


The two categories Sst information, alphanumeric and 
Graphic, received at a Navai weather Service Environmental 
Meraciwment (NWSED) are 2€sicted in fables 1 and 2. The 
technigues required for handling, and storage, of the tyxo 
data types differ. Por a better understanding of systen 
requirements, a brief descrivtion of the two categories 


follows. 


tee ee ee on = 


~~ 


Weather reports, forecasts, and warnings are all in 
the alphanumerics category. The hourly airways observations 
mre, Hhormaily the most imzortant data reports the NWS=ED 
receives. These huiletins are transmitted every hour, and 


-2@r)6 on: CO all major airways. Each 


vay 


describe the current we2t 
NYSED 1S required to keep a rile of these reports for ail 
PeeeportS under its coqnizance, and any other airfields in 
Which it has an operational interest. 

Adjunctive data o£ interest to the NYSED includes 
weather forecasts made elsewnere. Some of these ferecasts 
predict severe weather which might endanger life or property 
mmeranre Called "weather waraings". These warnings, along 


With forecastS and reports, are generally grouped together 





to form builetins. Each fGulietin consists of information 
which has Samia tine, location and data type 
characteristics. These bulletins make up the alphanumeric 
information that 1S transmitted to the individual NWSED 


units over the teletype circuits. 


2. Graphics 


Weather mapS giving a pictorial description of 
environmental parameters naake up the graphics category. 


These maps are weather builetins formed into contour Lines 


and piloeted Over a geographic background. The maps 
represent either anatysis, meteorological Couadileronus 
existing Sema pyDEeVIOUS time, or forecasts, predicted 


memartcions for a future tire. 


Graphic data 1S normally transmitted in analog form 
Sua tacSimile circuit to the individual NWSED units. 
Although the data 1S presently transmitted in analog form, 
memay be transmitted in digital form as a series of 
wectors. This Can be aone only i21f the NWSED has a 
Pmeecessing unit available to convert the data into the 
proper display format. Tests at Fleet Numerical Weather 
Central (FNWC) have shown that weather maps, in vector 
moetiat, Can be conpacted into 20,000-30,000 bits (2500-3750 
Magee) This will reduce tramsmission time by at least a 


mfteror Or two for each gr2dhic report. 


Bee MESSAGE DRAFTING 


Virtually all outgoing reports, forecasts, Automatic 
Response to Query {ARD) resuests and other messages, must 


meet mandatory format reguirezents prior to being accepted 
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meerany Communications Circuit. A program should be provided 
to assist the operator in preparing these messages. Se Tera 
routine would display the proper format, allow the operator 
to fill in the necessary information, check the entries for 
proper form, and then transmit the message on the proper 
@ormunications circuit. Tne major portion of this software 


would be located in the display and communications moduies. 


Memeo Ac A TRANSHISSION/SRECSPTION PROCESS 


Mel pcint-to-point main line communications on the Naval 
Environmental Data Network (NEDN) are acconplished by 
memputer systems utilizing a 12 bit per character binary 
coded data. The only exception to this is the weather data 
input from the Automated weather Network (ARN), received 
Peom Carswell and Offutt Air Force Bases. The AWN data is 
meonmatced in a Baudot cod® using 5 bits per character. Each 
character is part of a special synchronous transmission 
format althoush the start-stop pulses, aS in the regular 
Daudot code, are omitted. These serial-by-bit streams of 95 
bit codes are converted by the FNWC computer into the NEDN 
memmdgardad 12 bit code. Data exchanged back to the AWN, via 


Saieowell and Offutt, is translated back to Baudot code. 


Computer exchange of weather data and messages on the 
remainder cf the NEDN iirnes, for Navy use, utilize the 12 
eee «CCOde. Data is sent in streams of 64, 12 bit words in 
femewserial-by-bit transmission State. Error detection and 
correction is accomplishad through a check sum technique 
Where an arithmetic sum, with end-around carry, 1S performed 
Moe cach group of 64 woris. This check sum is transmitted 
With the data and utilized by the receiving unit to ensure 
proper message reception. At the end of the transmission, a 


receive status iS sent to the control station, and: only 


oe 





those 64 word blocks which do not meet the check sum tests 
are re-transmitted. For internal system use, two bits are 
ma@@ead tO Cach character for synchronization and control, 
Making a 14 bit word. The two axtra bits are removed when 


data is transmitted in the serial-by-bit state. 


When data reaches a Fleet Weather Central (FHC) it is 
re-formatted and then relayed to the Naval Weather Service 
Environmental Detachments. Transmissions received by the 
HonbD, Lrom the FWC, are i2 an 8 bit code. Thus, each NWSE 
receives the 8 bit coded data from the FWC and the 5 bit 
feta on the AWN circuit. Implementation of the 8 bit code 
transmission lines is not coaplete, but the message format 


has been defined and 1s presented in Figure 8. 
De PCOXUMUNICATIONS MODULE 


The function of the conm@aunications module is to receive 
anad transmit data on a augber of different communications 
imes, all of which may have different operating 
Siatacteristics. The conanunications module must be able to 
recognize the start of bulletin header on each Gircude, 
compact it into one byte, and set a status flag when the 
byte 1s transferred ie. the @oyeagyarey it module. The 
communications section aust also, when commanded by the 
control module, dump (aZestroy) all data recsived on a 
Specific Line until the start of a new bulletin is detected. 
End of builetin Sequences nust also be compacted into one 
byte and the appropriate status’ flags must be set. ff 
necessary, tne communications module will re-format the data 
into a sequence, and csie, compatible with the control 


module processing routines. 


The generai Specifications of the communications module 





are presented in order to define the interface between the 
communications module ecm ene mc OontrO)] smodule. These 
Specifications not caly further the developmental work on 
the communications module, they are necessary for the design 


and implementation of the control section software. 


To better understand the operation of the communications 
processor, bulletin formats should be understood. ae 
bulletins have a header, a text, and an end df builetin 
sequence. Three communication controls that define these 


bulletin fields are: 
Sen? Start of bulletir 
Beas tart Of text 7 divider in text 
rem. End of bulletin 


These communications controls are actually specific 
sequences of characters which serve as boundaries for the 
malletins. The bulletin preamble interval starts all 
transmissions and is used to connect and synchronize the 
receiver and transmitter. The connection sequence ends 
immediately prior to the control sequence characters for the 
SOB. The actual synchronization is accomplished through a 


Se@Mommation of physical, electrical and logical sensing. 


The remainder of the header contents must satisfy the 
Fleet Numerical Weather Central application delivery netvork 
requirements. i Vieven laters erie je heading items include the 
Meremetty Of the originator, data type and time of origin, 
Dulletin type and classification. Wetwork heading items may 
also include bulletin addressing and identification for 
re-transmission. References 2 and 6 contain inf9rmation on 


jmeensmission formats. 





The hardware utilized should not commit tne system to a 
Communications capability on only specific data lines. All 
transmission/recenption interface parameters Should be 
program selectable or programmable in the communications 
module. In the communications line interface, transmission 
characteristics such as _ data rate, S eop— iw length, 
Character length, and parity, will be programmable and set 
byescimple software instructions. To help accomplish this, 
bipolar -mask-prograamable read only memories (ROM) might be 
used. ROM programs couid change the 5 bit AWN codes into 
the 8 bit parallel coies the microprocessor utilizes. 
Programmed ROM can also hold routines to strip off any 


MmmmecesSary Synchronization or control bits. 


The communications interface will use a Single universal 
asynchronous receiver/transnitter (UART), as depicted in 
Figure 5, for each communications line. There have been 
many Complete, one-chipd cozaunication interfaces introduced, 


Rockwell, Internaticral’ s- Epr, 


oe) 
ftu 


elemeas Motorola's ACIA a: 
Mrese, UARP chips are capdable of replacing 20 te 25 logic 


packages, thus simplifin the communication interfaces. 
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These large-scale integrated circuits combine, in a single 
package, geal the Lunciproens neeced to connect a 


microprocessor system to 2 communications line. 


Phe UART “will convert the serial bits from the 
communications ine eminta Sethe byte (8 bit) characters 
required by the microprocessor system. While transmitting, 
PPoewUART Willi perform the opposite conversion, receiving 
data bytes from the microrrocessor and changing them into a 
stream of serial bits for the communications line. Each 
Seimeacter will consist of 3 data bits, including parity. 
The UART checks the varity of incoming characters from the 
communications line and generates the parity bits during 


(area cLlansnmission. 





Hoel UPLEMENTATION 


The communications module will act as a buffer and a 
data line nultipiexer. This section will also preprocess 
mreoning data, aiding the control module in task completion. 
Buffer size will be deterained by data rates and the number 
of lines which must be serviced. For a 9600 bit per second 
@ata rate, 773 bytes of buffer. will provide enough memory 
Space to prevent cata loss during the disk seek period. The 
buffer is needed to coznpensate for the 643 millisecond 
access time required by the disk system (see page 42). 


Every communications line utilized by the Naval 
Environmental Display Station, will be connected to the 
communications module via a UYART. When a cnaracter (8 bits) 
femavatiable in the UJAPT, an interrupt will be generated. 


This interrupt is sent to the communications microprocessor 


(see Figures 4 and 5). Fac UART in the conmunications 
module is allocated a unigue line address code and 
Piierent circuitry is supplied to ensure automatic 


response when the -.address is called. The communications 
Processor responds to the UART interrupt by sending the 
address code of the line invoived to the transfer logic (see 
feoare 4). ‘The UART then outputs the data bhyte on the bus. 
At the 9600 bit per second transmission rate, the 
Microprocessor will have 833 microseconds in which to 
respond to the interruot befcre the UART overwrites and 
destroys the data. With current microprocessor cycle times, 
approximately 2 micreseconis, there should be little problem 


responding to every interrupt. 


Macer a UART interrup:, the processor will transfer the 


byte to a memory buffer area allocated to the individual 
Pemmunacations iine. During the transfer, a test is made to 


determine ir the pyte completes any special control sedguence 
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fooR, Sit, or EOB). If a control Sseguence is completed by 
this byte, the sequence is replaced by a one byte variable. 
Ris buffering ana testing process is simultaneously 
occurring for each communications line connected to the 


nodule. 


When the control module requests data via an interrupt, 
the communications processor tests an input port to 
determine with which data line to respond. Once the line is 
determined, one byte is removed from the linets buffer and 
sent to the control module, via an output port. If the 
Puecer £or the requested line is empty, a flag is set, and a 


coded byte returned to the control nodule. 


Whenever a control seguence variable (SOB, SIX, or EOB) 
Or an empty file code is passed to the control module a 
Status flag is also set. This ensures that no 8 bit data 


codes will be miSinterpreted as a control character. 


Another function reguixred of the communications module 
1s the capability to dump the remainder of a bulletin. The 
control module will send another interrupt type to requast 
data destruction. The communications processor again tests 
to determine which line is being addressed. fhe buffer for 


that line is then emptied until the next SOB is encounterel. 


The communications module will continuously send systen 
Semeits INnLOrmation, over sutput port lines, to the control 


module. 


During data transmission fron the station, the 
Communications processor will add synchronization bits, add 
Bemerty and check sum codes, and re-format the data as 
required. Data will he released from the comnunications 
Meaqmic and transmitted under the direction of the control 


pLOCeSSom. 


td 
~ 








V. PLOPPY DISK SYSTEM 


ee oe ee ee eee ee — ee Oe ee fee ae 


Men ebCT MEMORY ACCsSS 


The fourth major element of the system is the floppy 
disk storace device ané the associated interface hardware. 
1 


A crucial feature of the floppy disk system is a direct 


( 


memory access (DMA) capability to the random access memory 
See in the control module. Direct memory access will 
Smeow the control protessor to respond quickly to the 
multitude of system reguirenents. BY USING this Veusece 
memory access, the disk system can store data bytes into the 
Main nemory, or take them out, without receiving processor 
commands for each individual data transfer. Thus, the DMA 
transfers data while the processor iS occupied with other 


tasks. 


Os 


Direct memory access transfers are usually associate 
Perueeadevices that reguire extremely high data transfer 
Megees, SUCh aS a floppy disk or a processor tO processor 
meansiLer. In direct memory access, the interface transfers 
data directiy to/from the aain memory buffers. The control 
module accomplishes this type of transfer, via the disk 
Operating system, by initiating and supplying the interface 
With a starting menory address and a word count. The 


processor then proceeds to other tasks. 


Biome lOgiGs tiat. Serforns the data transfer is usually 


Cmiseechanne!: contains 


bea! 
oS 


reierred to gS a channe MCLOLY 
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@gdress register controlling tne location in memory to or 
trom wWhich data is transferred. <A counter must b2 provided 
to keep track of the total number of transfers performed. 
Logic must be provided for gaining access to the memory and 
POemee providing all the necessary timing and control signals 
associated with reading/writing from memory. f[ransfers are 
made without interfering with the operating program, since 
the channel essentially steals a memory cycle from the main 
processor. After each seccessfully stolen cycie, the menory 
address and word count are increnented and a test 1S made to 


see if the desired transfer has been completed. 


Cycle stealing 1s the nechanism by which direct memory 
acceSS 1S implemented. Normally, there are two processor 
Megemes COL each program instruction: a fetch cycle and an 
execute cycle. When the cycle steal comes up, for example 
during an execute, the processor will finish the execute 
cycle, and then pause for a one-cycle interval, before 
fog tO the next instruction fetch cycle. Lt. “1S Wabwing 
this pause that data bytes are moved between the memory and 
the disk. Cycle stealing generally reduces the tine 
available to ongoing prograns by approximately one per cent, 


in other words, just slightly siows down the processor. 
Eee UNTERFACE 


The actual interface between the control module and the 
mesoters accomplished through a disk controller. A block 
diagram o£ the floppy disk interface is presented in Figure 
Oemeeine interface logic 15 activated by commands from the 
eoncr ol module processor. Micmac Sk VecONTroOller ALOGiC 
responds to information which has been previously passed to 
it by the control module. Phis information includes the 


data required for DMA operations: the @aisk number, the 





track number, and the sector number. The disk controller 
positicns the read/write head and generates all the reguired 
Peacdtare control signals. When the head is above the 
desired sector and all reguired delays have elapsed, disk 
Beading or writing is initiatea. When a disk read is 
desired, the controller hardware locates the sector ané@ 
Synchronizes the clocking pulses. one record, i28 bytes, is 
framed and then transnitted to the faln memory via the 
direct memory access channel. An interrupt is generated to 
Signal the end of transmission. When Writing a record to 
One disk, the controller again utilizes the DYA feature. 
Meer 128 bytes have been transferred to the disk, an 
miterrupt Signaling the end of transmission is Se ee tol iune 
Control processor. The interface hardware is complicated by 
the direct memory access Ped eure mm.) tie advantages of DNA 
Outweight the cost and complexity of the additional 


Siecuitry . 
c HARDWARE 


The floppy disk used is the Shugart SA900/901 diskette. 
mimes floppy disk Storage nedium is an expendable Cartridge, 
meeut the size of a 45 mie -colG.. Data is recoried on one 
Side of an oxide~coatei, flexible Mylar sheet, cut into a 
Beeeeeanch disk. The disk is packaged in an 8 inch square 
envelope containing cut-suts for drive hub mounting, index 
Mark sense, and read/write hea@ access. DiLIig. "Operation, 
the mylar disk Bota Co Se waviete the envelope remains 
Stationary. Each Cartridge costs about five dollars. 

The floppy disk cartridge is manually placed into the 
drive housing. The drive pub clamp then engages, holding 
mim disk against a COP ma drive spindle. During reading 


Or writing, pressure pads hold the read/write head against 
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the disk, the head being in physical contact with the 
Paetace, 4325 Gepicted in Figure 7. Since this causes wear, 
it is sest to raise the head as soon aS possible after 
completion of a read or write operation. After about 10,000 
accesses to the same locaticn, the disk has reached useful 


Merace life. 


The floppy disk cartridges store approxinately 2.1 
Mmrelion bits when formatted. Data can be recoried on 77 
mmers, at a density of about 3200 bits per inch. A disk 
Mmermat of 26 sectors per track, IBM standard format, allows 
Storage of 256 thousand pytes of data. This is equivalent 
meme200 8O-coiumn punch cards. Data {both information anda 
eumume bits) transfers at a rate of 250 kilohertz when the 
MPS LOovrating at 369 rpm. The disk hardware will cost 
approximately 1500 dollars per single unit. Reference 1 


mereains ah overyiew of floppy disk systems. 
EE 


Pee LRANSFER RATES 


Data transfer between the floppy disk interface and the 
disk occurs at the rate of about 160,000 information bits 
per second. ior we oUrSt te 7/Oeravre Of 20,000 bytes per 
second. But when evaluating the disk read/write mechanisa, 
the average access time 15 the most important consideration. 
Generally, this quantity devends on how fast the disk 
rotates and what type of head positioning mnechanisn is 
utilized. The average access time is the sum of the 
rotationail latency and the positioning (seek) time. The 
average positioning tine equals one-third of the head's 
fra -Stroke time, plus the time for the head to settle and 
MMe Gals terring data reliably. The track-to-track time 
Bae) 1: the oudgitt mers rs 1S listed aS approximately 10 


Milliseconds, but present disk control software allows 29 
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milliseconds. Multiplying the 20 milliseconds by one-third 
mmentoOta!l number of tracks (26), and adding the naead loading 
time {40 milliseconds), results in a poSitioning time of 559 
milliseconds. The averace latency time, one-half the period 


of one revolution, eguals 23.3 milliseconds. 


The present deSign results in an average access time 
(seek and latency) of 643 milliseconds and a data record 
transfer time of about 6.5 milliseconds {1 second / 6 rps / 
26 sectors). The total transfer and access time amounts to 


G50 milliseconds for a 128 byte record. 


because of the tine delay involved in seeking, a disk 
queve will not be used. If the control processor tries to 
execute a disk command while the disk is busy, the processor 
will be forced to idle until the disk is available. h 
communications line overating at 9600 bits per second, 
transmits 128 bytes, one record, every 106.5 milliseconds. 
fees queue, further delaying the 643 millisecond disk 
response time, would demand unrealistic anounts ac 
communications buffering. With the present configuration a 
fom Of 773 bytes are required to buffer a 9600 baud line 
fees 7 106.5 * 128). 


if a 9600 bit per second communications data rate is 
used, the disk system should be modified to reduce the disk 
Peeketime. The disk directory and the system table should 


mre cated in the meddle of the disk tracks. Tracks should 


also be allocated to "hign speed line" data types. These 
tracks would be Legatedi san the center of the disk, 
Surrounding the directory and system table. By such an 


allocation of tracks, seek time to the high speed area would 
be reduced by approximately 250 milliseconds. By lowering 
Ome software track-to-track time, further gains could be 


made. 





pee SOFTWARE 


A “disk operating system" (DOS) will be needed to 
implement the disk controller capabilities. The disk 
M@eerating system prograz will be located in the control 
module and will utilize the control processor. fhe DOS will 
provide the disk controller with the information necessary 
to accomplish direct memory access and request from the 


@Memtroller disk status information. 


The disk operating system will execute various functions 
for the control program. Besides performing read and write 
instructions, the DOS wiil create new files, delete old 
files, close and open files, and monitor the disk operation. 
Mme LOllOWing iS a brief description of the disk operating 
system and the procedures provided by the DOS for the 


@emtrol progran. 


The disk operating systen provides a software interface 
between the control proyran and the physical disk systen. 
Hees DOS performs all logical to physical conversions of 
record location and passes the calculated track and sector 
Gaeaee tO the disk controller. The operating system monitors 
the disk controller and the disk, forwarding any malfunction 
peeemals tO the control progran for display to the operator. 
The disk operating system s&aintains a directory of disk 
files for use in Space allocation. The directory contains 
the file name and an index to the disk blocks assigned to 
mes file. Disk Space, assigned in 1024 byte blocks, is 
Mmimeocated to a file during write operations. fhe directory 
ommowS for atotal of 64 separate files and has a totai of 
248 blocks available for assignment on each of the two 


disks. DiSk Space is dynamically asSigned using an 





Meeocation vector to account for cach disk block. An entry, 
Similar to a disk directory entry, must be available in the 


control program whenever file overations are to se executed. 


0) 


tty 


The following is a list of disk operating system routines 


which can be invoked by the control program. 


The "reset" conmand will force the DOS to interrupt 
the disk controller and reset all disk control parameters. 
The disk space allocation vector will be cleared, and a 
directory search will be made to determine which blocks are 


currently assigned. 


2. Open 


Hecalleto the DOS routine "open" will initialize 
various file parameters in the control progran directory 
entry. If the file is located in the directory, the disk 
eeaeewallocation is returned to the control program. If the 


file cannot be found, an error report will be generated. 


3. Close 
"Close" will result in an update of the disk 
Girectory. Pra@ree to ~this (darectory update, the space 
allocated to the file is only temporary. in other words, 


aimee OLOcKS added tc 43 file Since the last call to close 


would be lost during a disk reset. 
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The "make" command creates a new file entry, 
fPiveralizes the Space allocation descriptor for the file to 


“empty", and opens the file. 


>. Delete 


— oe ee ee 


When the DOS is calied via "delete", any disk space 
in use by the specified file is de-allocated and the 


directory entry is erased from the disk. 


6. Read 


fe read icall from the contrel program to the dask 
@perating system resuits in the following DOS actions: 
ensures the file is open and the reguested record exists; 
passes the memory load address to the DMA; passes the track, 
sector, and disk number to the disk controlier: returns to 
Ene control program a successful or unsuccessful read 


attempt indicator. 


_—e ew ee eee oe 


"Write" will cause the DOS to transfer, via DMA, one 
record from the control acdule memory to the disk. If the 
file requires additional disk space for the record, it will 
Mmemerlocated. The DOS returns to the control program status 
information if the write can be acconplished or whether a 


frekK/iile overflow exists. 
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Peo ENERAL INPUT/OUTPUT CONSIDERATIONS 


Interaction with the k2yboard and display units will be 
+ 


asynchronous, that is, 


Se 
o 


time dependent upon the control 
moagure. The control module processor wili not stop during 
Mietee Or Output operations, waiting for a function in the 
communication module or display module to be completed. The 
input/foutput operations will continue independently in time, 
Setting flags for system control upon completion of the 


Pome /Output operation. 


iimput and output bufiering for telecommunications is 
accomplished in the main computer on many systems, but the 
proposed system as described in this paper will have 
separate telecommunications buffering in a comaunications 
module. The propnosed syst2a will use a separate processor 
to handle all the sommunication Pine VT ryterracitas. 
Benmunication to and from the control module will be via an 


Se hom seach COMmuntc2t ons) 1ine 


) 


Pere -Dit parallel data bu 
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fewer zo Character data bpufiers will be allocated in the nain 
memory. The communications processor will pass edited input 
messages to the control saction upon demand. Input to the 
control section from the keyboard will be handled in the 


Same manner as any other input from a communications device. 
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Epes DISPLAY TERMINAL 


The information syst2n terminal display wust serve as 
the interface between the human operator and the 
communications networx. Therefore, terminal choice will 
depend upon the needs 97 the SEE, the technical 
requirements of the conaunciations lines, and the general 


requirements of the Naval Weather Service. ; 


In meeting the varisus needs of the NENDS user, Fleet 
Numerical Weather Central can choose from a vaSt array of 
terminals. It is possible to simplify the selection process 
Pyeetest categorizing the terminals by application and 
functional characteristics. The characteristics can he 


Classified along two main lines. 
1. Intelligent vs. hardwired terminals 


2. Alphanumeric vs. graphic terminals 


At the base of every intelligent terminal systen is 
a stored program processor, giving these terminals a wide 
range of capabilities. ecause of the internal programming 
fest bility, an intelligent terminal can "look like" other 
equipment to the central processor, and fit into an existing 
communications network with minimum re-programming of the 
control system. An intelligent terminal will be able to 
edit, format, compress, 2nd manipulate data while providiinn 


flexibility in system lLlaplexentation. 
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Format control, editing, and operator queuing are 
Important advantages of the intelligent terminal. In the 
formatted mode, the terninal can check for different tvvoes 
Meme CrOrs and prevent the entering of erroneous data. This 
mpcuudes parity and illegal entry checks. When the terminal 
displays a form, the cursor automatically skips over the 
eOrmat or protected dat3, so that it cannot be destroyed. 
ite terminal can be prograazsed to accept only aumeric or 
alphabetic characters La a qiven field. This is 
particularly applicable to a NWSED unit when formatting an 


Automatic Response to Query transmission. 


Programmed function keys can allow the operator such 
@emrerOols as display, rotate, and zoom. This vill minimize 
the number of required input keystrokes and thus reduce the 


number of input errocs. 


Check digit verification can be implemented, and 
field lengths checked, ensuring that the operator inputs the 
proper number of characters. Selected fields can pe 
Semrrolled to allow only specifically identified character 
sequences to be entered, such as station identification. 
The terminal can also force entry to specified fields. fIf£ 
the selected field is not filled, the operator will he 


unable to proceed. 


For editing, use can be made of the terminal memory. 
Modification or correction of the data prior to a message 
transmission can be accomplished at the terminal. In the 
case of minor mistakes during message composition, use of 
the back-space key will pernit repositioning of both the 
Printing head and the menory pointer, thus allowing erasure 
Meeeecorrection of the data input. Editing also allows the 
Meerator to address a specific field if a correction 15s 
needed, eliminating re-keying the entire data form. Tn 


Meaqie1on, selected records may be automatically inserted 
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Mnto the appropriate fieli. 


The menory of a CRT terminal is large enough to 
meee One “page, or screen, of data. The display must he 
refreshed, requiring the use of the display processor, 30-60 


times per second. 


Considering the specifications set forth by the 
Fleet Numerical Weather Cantral (see reference 5) and the 
desire to make the WE9S as flexible as possible, it was 
determined that an intelligent terminal should he used. 
[Mess terminal would control two CRIT displays, one for 


alphanumerics and the other for graphics. 


The reasons for utilizing an intelligent terminal 


System instead of a hardwired terminal are: 


1) Fast response: Some data and data entry formats 
can be stored locally thus avoiding the constant accessing 


meeene control module. 


Pope Conoatibii:ty with different. central processors: 
If multiple access to tvo Gifferent processor types 1S ever 
required, the terminal will not have to be re-wiredc to 


handle the chanqe. 


Bye Multiple tasxs: The terminal will be a data 


entry unit and an inguirv-response unit. 


4) Editing: Data editing can be handled without 


mmemuse of the control module. 


S) Local processing: The intelligent terminal can 
process small amounts of ata, instead of forwarding all 


a 
mmeor Nation directly to the communications module. 
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Djeeebata ~reductiog:” Smee commuinicateons costs are 
a Significant part of any system, decreasing tne amount of 
Meeameocente reduces the total transfer costs. Data can be 
verified and edited before transmission, thus eliminating 
erroneous data at the source and freeing the control module 


mmom ezeCcution of these tasks. 


PeErecatwOae Dayetuce WERT) displays contjainmescertain 
operating elements. The cathode ray tube, the display 
controi hardware and the 2éemory are common to all such 
devices. The component packaging varies, hence, several 
hardware configurations are available. In some systems, alk 
Sonctrols and memory nay be packaged in a separate 
Controller, allowing operation of more than one display 


screen. 


Besides the cathode ray tube, the basic CRT terminal 
includes a keyboard for data input, an internal memory, a 
Character generator, and 2 communications interface. There 
ere two types of displays available. At the low end of the 
price scale is the alphanuneric CRT, displaying only 
alphanumeric and special *Nabac (Cho aero. lat to a standard 
typewriter. At the high end of the price scale is the 
Graphic CRT display, which presents line drawings and 
Schematics in addition to the alphanumeric information. 
Sance this display is complicated, it includes a processor, 
memory, and the associated software required for system 
operation. 

A system with a separate controller would allow 
ede er flexibility and permit growth and expansion. The 

h 


control electronics provide the necessary sequence, timing, 
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and operational signals toe display unit requires in order 
MempeeLOrm 1ts functions. In conjunction wath the interface 
electronics, the controdi electronics provide the needed 
addressing CrEeCuaLtSs | allowing each display to be 


individually served by a single processor. 


It 3S desirable to have two display systems in the 
Epos unit. 


(eet adlLapnics disoiay terhinal would ‘perform “the 


functions necessary to unpack and display weather maps. 


2) An alphanuneric display terminal would he 
Gee by zed to display messaces composed of alphanumeric 
characters, and would serve as a backup to the graphic 


terminal. 


cS Seine 
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Popay JNTERFACE 


All keyboard entries are edited by the terminal. 
After alli corrections have been made for each data or 
Command mipuc, the INLOrBation is sent to the communications 
module. The communications nodule handles the keyboard data 
in the same manner aS 2 communications line. The data is 
sent from the terminal bit-serially to the communications 


section. 
2. The Alphanumerics Display 


ee + wt ee ee ee ee ee oe eee ee eee oe 


Data will be sent serialiy frow the control module 
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to the alphanumeric display. A maximum of one record (128 
bytes} will be sent prior to reSuming system polling. This 
ensures that the control zsdule will be available to process 


input from the communications section. 


Data is sent fror the disk system to a Shared menory 
bucfer area when graphic tata 1S being output for display. 
Rhen four records are avzilable in the shared memory area, 
@omerol Sighais are sent from the control module to the 
Gewerrcs display controlier. The graphics controller then 
unpacks the data and displ2ys it on the graphics terminal. 
Approximately twenty-five records are needed for a complete 
graphics display. The control module directs the disk 
operating system to seni all the data required for the 


complete display, ins eng necessary background 


aoe orma tion. 
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VII. SUMMARY AND CONCLUSIONS 


er Se we ce cee eee ee oe eee oe neem eeu eee cee See 


With the PHeL easing development On large-scale 
Memeoarated (LSI) circuits the entire spectrum of computer 
technology 1S experiencing a rejuvenation of its basic 
concepts. That is, there now exist single-chip processors 
that increase the scope of microcomputers such that they now 
perform applications formerly exclusive to medium and large 
scale computers. Complementing the development of these new 
microprocessors have been the advances in semiconductor 
memory and logic. All these advances have lent themselves to 
the emergence of the microprocessor-based systems, at a 
meactrOon Of the cost of comparabie large scale conputing 
equipment. The microprocessing system can also be developed 
or modified in a significantly shorter period of time than 


mameeOn hard-wired logic. 


The functional design of the microprocessor-based system 
proposed is not intended to be, necessarily, the optimal 
systems design for this conmunications network application. 
ct is presented only to demonstrate that a 
Microprocessor-based systen is feasible and should be 
considered when designing Sinilar future systems that have 
dedicated functions and/or preestablished tasks. The basic 
ideas and the methods described here are totally feasible 
concepts) and are vell Within Eine State-Of tne aco 


technology. 
Mie control software provided in Appendix A 1s 


a 
developmental progran. WS SeMOLeO toi. SCCLI CIV 3, .1Ot wall of 


the control functions are implemented in the program. 


ae 





Additional features, whic will not be part of the normal 
@oentrol routines, are included in the program for software 


testing and evaluation. 


The program currently utilizes four system states. s#ach 
communications jine can be either in the supervisor, 
command, weather, or general mode. The supervisor state 
initializes the system and allows interchanoce between the 
other three states. rne command state implements the 
various operator functions which were described earlier in 
this text. The weather state simulates an input line fron 
the communications module where the data line is in the 
receive or message state. The general mode is a system test 
mode where the machine aids in operator simulation of a 
bulletin input. In actual implementation, there will be 


only two system states, conzand or receive. 


The DMA feature is not utilized in this program. There 
are no interrupt routines fron the disk system. Instead the 
Gentrol processor idles until the disk function completes. 
The second disk is not presently utilized, and the software 
to provide graphic bacxgroinds is net available. There is 
Memeprevision for graphic sutput and the current program does 
not utilize or take advantage of any of the features 
Serebabie from an intelligent terminal system. All output 


is sent directly to a single alphanumeric CRT display. 


The disk operating system currently under development is 
for a general purpose file system. For the use envisionel, 
some modifications could be aade to improve the disk systen 
performance. Besides the changes mentioned earlier, the 
@Gask system should also assign consecutive data blocks to a 
file when it is first opened. This would aid in minimizing 


seek time during storage and display. 


The NEEDS will have the apility to detect and recover anv 





data lost due to slow svstem response to a communications 
line. The software re1uired to ensure that no data would be 
lost would be prohibitively large and conplicated. Thus the 
design assumes that data will be occasionally Jost. If tne 
disk just started a seek operation high priority line when a 
high speed, begins reception, the communications buffering 
Will probably overflow before’ the disk system will be able 
mammespond to storage neeas. This would be difficult to 
prevent and as noteji above really of little consequence 


peemrGe the data can be resovered. 


A functional design has been presented which Gescribes 
the use of a low cost microprocessor system and the 
associated peripherals ayo a performance oriented 
meee ation. This approach to the COntErO. of data 
Semmunacations has tried to demonstrate the significant 
Savings over conventional approaches and could well be 
mmpeeed)6«€©6tOlU6CUOUther 6uareas. Potential applications for Similiar 
systems exist wherever storage and retrieval of information 


is required at a locai user level. 





Table 1 


Estimated Information Required at a Typical NWSED 


Alphanumeric information 
Hourly weather reports 


Wwenours collection, 3 bulletins each hour 
20 teletype lines, 1000 characters per bulletin 


36,000 bytes 


Porecasts 
20 a> Eo forecests 
teletype lines each report Ta oo 
5 severe weather warnings 
5 teietype lines each report te ou 
10 sta wind forecasts 
eletype lines each report oe 
Dee GOouUre Wind Lorecascs 
10 teletype lines each report 5.00 
Total Alphanumeric Data ti,500 bytes 


Seaonic Lnformation 


HO maps and graphs 
each map averages 25,000 bits 
125,900 bytes 


Total Capacity Required - 172,500 bytes 





Proposed File Structure 


Alphanumeric Information 


Hourly Weather Reports 
(ees OM ee- Ore cach Of the past 12 hours 
Each file contains reports segregated pe kl) 
1 


Mitt oleMmenepormea ane Locatable py station 
LCwe Lt Ler 


Forecasts 


4 files, one for each forecast type _. 
Pidivemicmieports are Pecatable by time and 
Location 


Graphic Information 


Maps and graphs 


40 files, one for each graphic 


Mesceellanecus Information 


TInterface 
Meco Orem Orn cc  eCOnmany cation line 
1 file, for operator keyboard 
NOTE: Second Gisk use: 


Transfer of data message for ARQ 
Backau po 

Bacr ground charts 

System and file expansicn 

Copy SLUNGE1 ons 
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Table 3 


Response Time “Sstimates 


Alphanumeric Information (transfer without interruptions) 
Seek data (average) 


Seek directory 26S 
Seek data 20> 
= lees 
mreead (Cransfer) tine - 20 
popvia ce Eng - 01 
Mmeanster to display rodule BU. 
Time required by aisplay nodule Pata 
Owe L 1.62 secs 
Graphic Information (transfer without interruptions) 
Seek to map 
Seek earn 65 
Seek data (4 hlocks) 2- (0 - 
3 235 
Seek background 
Seek directory Oo) 
Seek data = (595 
2 track moves -O1 
Hero! 
Transfer of geographical background to 
graphic module oe 
Transfer of map to graphic nodule 220 
Estimated software overhead | 
(return to polling routine) 10.0 
Time reguired by displ2y module ose 
Total 7.46 secs 


fee tt a Priority communications line interrupts the 
display, the interrupt period must be added to arrive at the 
total response time. 


Site! 


Table 4 


Disk System Characteristics 


Physical Organization 
2 disks 
mech disks 77 tracks 
mache track: 26 Sectors 
eae Sector: 128 bytes 
ioedh Gadacity per Gxsx: 256K bytes 


mecical Organization 
64 files 
Bach file, maximum 123 tecords (16K bytes) 
mach record 128 bytes 


Space allocable to files in bliocks of 1024 bytes 


Timing 
Hardware step rate per track: 10 milliseconds 
Software step rate per track: 20 milliseconds 
Head settling time: 49 aiiliseconds 
Average latency at 260 rpa: 82 milliseconds 
Pee (IhLOrMation daihkdy timing bits) transfer 
SteesOUMmDN: —2 omens 
information transfer at 360 cpm: 20K bytes per second 


Average data access: 643 nilliseconds 
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Figure 8&8 


NEDS DATA FORMAT 


MEADER tNr O 





(1 PER MSG.) WMO 
abbreviated 
Tie seage 
heading 


MANOP 


x 


4) 
fe 


1 NEDS 
MSG, 





IDENT [DENT CK 





ASC il 






CHAR 
character 


CK 






record : 
lto 235 






chavrecter: 





| 


KK 





16 bit WMG data designator (ASC II) 
16 tit WMO Geographic designator (ASC II) 


16 bit WMO to diférentiate between e«imilar bulletins (ASC IL} 
8 bit ASC If space 


32 bit ICAO [ocation identifier (KNWC for FNWC Montercy} (ASC fI} 
8 bit ASC II space 


16 bit date (ASC II) 

16 bit hour (ASC [f} 

16 bit minute (ASC IT) 

Ié bit beginning of graphics file (BGF) (oeginning of a chart) 


{4 bit graphic file identification. CC=2 bits for classification. 
8 bit geography background ident 
8B bit checksum of "IDENT" 


8 bit synch byte 
& bit op code (10-ASC Il} and character expansion factor (SS) 
8 hit binary count of # of ASC II characters 


24 bit IJ starting point (NEDS characters will be displayed inthe + J dir.) 


8 to 2040 bits of ASC II characters 


8 bit checksum of CHAR" 

8 bit synch byte 

8 bit op code {01}, vector size (SS) and initial vector direction ‘AAAA) 
8 bit binary count of # of vectors 


24 bit IJ starting point 


8 to 256 bits of vector data (zero-fill unused final 8 bit byte) 

8 bit checksum 21 'SVR" 

8 bit synch byte 

4 bits for op code (0000) 

i2 bits for length of straight vector. Binary count of # of . Ol" vectors. 


24 bit IJ starting point 

13 bits fcr slope of the straight line 
3 bits (KKK) for sector 

8 bit checksum of "LVR” 


Sietion ands vets 





NEDS short vecto w = 
DATA SVR record 
X # of 'CHAR" 3 
“SVR, and LSR"' : 
recorders ! byte r 
§ hs seiko US cts 
recoré: 19 car alesse ore tle 
TRAXLER 
| per MSG.~—~ p> 
EG EGr [seme | 
; WV ie eae | 
a | 


16 bits for end-of-graphics file. fend of chart). 





oi 


MODULE SOFTWARE 


NEDS CONTROL 


/* 


APPENDIX A 


Us 
— 
ap) as <t 
mit Oct be = 
m4 J CO bea = WY <I 
=a. u. > uw Xe 
= ri ke c¢ COW 
oe LU Lo = OO ww Oe 
(a ree ioe >> Oo A Tae 
Oa CCS Levit Za ow b- Abe 
Liv ae ao or CuMote Uwe LUI TIE 
QfOt 2 eA lietttL CRNA uu. Ten 
IOtref es SINDPYLMNZERWINAe AN 
Wo CD kb (a cy CS wire-2Zzo cr) 
Cet eres EG) veto ee tay Cobo ite OO 


Sat ife g(e cece CUS weal | U2) SD ip aici e Opie CON at ee ee Ye eo) J 
Te(9Cee le = SMe hy a | Se wesw 
Me) an LIC O eeo e ee) etOL  e 
Lt Ulslus7 as wad tt ale 0 ge oo bomen i es oe Ge Re 
co Eh cieele ee Cea a ee e ere 
OOK TOW Tetey Oe DT ad eet 
GS ee re ee ee a SAD WWW 
Woe UW>eD OFWs Vet. ZK JG... JC 
COO feet ll OI SS Se RW eae 
SOB UWIR Me ee ES TD OTDIWDONMN FZ 
bem OY WU est DO eT nt he ST re OCS et i OD 
CU} ins ve at ce C. Uj ieee ee ee et YO ee es 
beet pe OOK HK SO wd SY) bam Io Fh 
Oa) Cilia. | S~SeOow wee say) 
Cf ttl! Te Coe CC Sees lS OMe > 
Op.ef COLL de DD Ot ee tt OD 
ZeUCIST eA The re eee tOOO 
eG) Sele ee) er Se Ce Cet! 
TOs) wre Set Hes Ween mae 
Mm FeO (9S N et wre oem CIO o OF 2 
et sabe 2 COTES est MiG <t S04 
jes eu ae CD Cee a a ) Ls 
GeO) = <i uf tre AT WIM 
CaQUIvV SWiteWwips = Tee rH RHO aA LU 
“ues Pio Ste woan. Coa oN 
SS ne ee eS OOS hen Set 
OO ra(sne WwISZO Uke Ge Pag ~NS Te 
Cio Sth Oe fot jcc ——aI4 ft Ge 
eet Ovriste Oe Sea Meta tuicc 
Mekt WD & «YOST OU Dw LL Z(G: 
eee ee eee See mime SRL Lert 
—a27—etuN WU OO 2K cece oOsowsD ZMH 
OOF OY >-ULNne jee Ore NKE ee NOB 
OUTS rS IDO WWOKt XNANKH WHR MNZDRWOY 
GS  OOasmea Viva Cus eS ww nm CO ODE OO 
Coast) Rea Oe ee ie Cte Oa S (ule 


Crete SD ee fae a <tc eae bee cf “Net OL 
Pee) eh Cr ree ai ee COP Cre) 
Y. SIM De Us Omri tre ay cos eo a are 


eee Oo CR HEY) oe ew re OLS WOM. DT 
eGo ae Fee Wate Sete OKO UO 
Bihar eK Se meee OU Ot EE 


+ 
~. 


68 


xf 


F- 


7 


ONTROL BYT 


=7 


o~ 


START 
C 


TO PROGRAM 
xf 


VO JUMe 
St feel TE 


/ Je 
as 


ABEL 
fe ENG See Si ek ome eS 


L 


/ we 
bd td 


7 


PWHILE TRUE, 


? 
t 


See OGRA ee aot PRESEN TROIS PARAYMETEP AREA 
8 
0 


LRE 
GINSPROGRAM LABEL; 


fr< 


‘ 


ehh 
&. — 


2355 
DESC 
B 





7 


{% 
f 


Helen 
9 
’ 


A 
? 
t 
eG 
t 


Yoroe 
LU 0 SOP = 
ke = &§ @ 
— 
JI - D~ > 
Paes [res eS 
Ce) a al 
a TT <f <f <I 
bie ry Co, 
5 UW Lig uuu 
Cen ff 
TD bent pot Powe pang 
eee Gol 
SO 
2. OX 
So) <1 
Zr LUST 
£9 69 4728 WH 
ee eee al cod 
eT ed ed el 
tH £9 454 46 4A 
gee 
nerd bat bt bat ba 
el a ee < 


ee SS 


LOWER FIR ADDITIUNAL COMM LINES 
i 
O 
) 
I 


ioe As 
M 
T 
N 
A 


cor 6 


Ome eee iy 


Bes (pi! ee 
I<<{ 
Si Co 
Lol US 
a 
rot et ed 


aut J J 


pc 
om ee 
lu 

4 v9 +f) 
ee! 
coco ad 
fe bb 
4F9 45 49 
bony Dommd pel 
<I<f 
Sl eke 


xf 


iy 
a 


ES 


Meso AGE iti 


te! 


aS 


f 


HOL 


3 


STASTE 


4 


{> 


a 


PLAIN THTL 


/% 


- & 
ee © 
» U\st & 
— eo 
oN a ee <m 
r © >e 
=—J 
a > J > 
— jt — 
Selig 
<I Tut 
CY CY bee OF 
US LiL 
ee 
bam joel i] 
ee ad 
4 
Page aay ae 
lLeeoeZz 
eae LE. 
“4 AF 
ious aes eis [Pee 
SoCo qo 


fame pome fom poe 
F + +8 4 
ity ae 
aoe |e es ee 
bee Pom pee pee 
a 


me be 


at, / 
“~ 


COMM re INeS 


ud tt 


Soren re 
= ad 
i> tit 3% 
eat) 
mA. Oe —} 
<f nee) ag 
Diet cae. 
OOM Tas 
eg de LL} 4% 
I Fe OW 
ps Sa be a @ Nn we 
ie aCe 0S ae 
bm be be ELI 
uJ WMN”AIW COU) 
Oz Us 
<I“ 3¢ — 
Gi wene oe 45 Gk LU 
VY) Se 
oo <i oe 
So e C) Je 
Me Bf eB & 22 
o> Le oe w Cc 
er SD Spe NR ko 
eet OU Ne 
@e we MAIN 
ret = +» > 
Cy <> - «_) 
CIO. LI we Deer wm LS 
i Ll es | a = @ 
Pe SC <i ce 
metry IAI ITOOW 
US yh e att eae oe f= 
ae | FLL Lu beet 
<T UJ Rif b- F- > om J 
Qos Jes to 
LL] pea et ed ek ae 
be JY <I<iU 
mi Ary MY wy Or <Tt 
ao bet fe hr) 4) CLC. 
ae oe 0 G0 G4 i Va) 
Y~GRAD SS e HF 
ZNSE 49 ALI LY 
“le ara, “SD CC) 
See CI i <e 
Or AAuUIC Ja 


’ 


oe + 


oe? 
LiL} bee 


ke OM 
mH 
tilt 
we nd 

< 


reg 


OO 
<b 


peal 8 
mw 
bk 2 


i> 


\ 


Crean 
{ 


~~ © 
ee eA 
OO 7 w- & 
m EOVUVO 
end et et ri “OC 
oe BR eH & 
ao ef =» @ & 
J re ee LLL 


OK beet tot eet 2 


TALST6L DATA 





»>MAINETBLSTOP,TITLESTBLSEND SM) , 


eed | SD SNDi, 


— &C) 


072 
9;T 
9,3 
10y 


(030309070, 'S 


TITLESTBL DATA ( 


FInIN© 
Cr ~~ & & 
ee e © 
en) & 
-OWO 
oe 
22 [ap] anya i 
mM Os LL 
roO Wi. 
~e @& ©) 


S9CI65> ste So) 1s 


$2 HE 


Le a) (ein cate 


a 
av 


DATA 


SS 65) ee 


pe pep & we we 


19 AF 09 A 


tL} 

— JI 

aon 

re tL 

~ 1” 

* ; <t 

~ b—~ 6 

— tL 
wo oe ] oie 
Ow t- l= 
= i) 
<< YA & 

t= LL +e 

|W ect ow Co 
aA ™ ~ | 2 e 
OW ewe 1 IO 
one YO IS 
Lis > Ae | a) 


wIM LL 
jh Ouse | 
=a) a ee | 
‘as epee LI LL 
he eTOe- 
Se te). & 
OG ea a 1 


Crear ioe OU on 
OMS. & YY 
O Fuze O 
Pee WiC 66s 
Cw M o> 

b—- & &» w <{ | 
a ee Os | 
et a Wt © 
Ce IJIN» 


b—- 6 em Ot em 
Oeeenl « 


CO wee meer 
<i 

I<da<<f 
I cell sored Soll oe 
% Itc 
pa (A a 
= 


OC) Ht Quiver sp 
G3 Ga 
b- b= b— j= 

_ ED OWS RD Tee | 

~SOWC 


—s & 
v3 - ~ 
= “fs om 
kad =) Li = 
BS . J 
es | Ea & & 
o Hee | (tw 

cn tw ~~ COL 
~ 2) te ~ ej 
& ~ ood ~ Uwe o& 
F ~e - ~ airyes 
o- ees ec 4 e-°7 () 
ne AZ RG wee 
owe LL ~~ = ~ me - @ (Le 

Lal hae | << 4? on « = <} ~ os © 

i e- @ ~ -® @ LH We en ee ae 

- YY -——(N— oa Pe | emmy) 

e{) an oe) we Uilli> Cy om p- oo 7) tet 

i Fea FH JIA Zit Cus => 

—_ja — —t & © Cen OT ()) CY 

eLse COOK MOY pe Vy et 

RS ol ool © OO m2 OL 

ea is re he Gin a ee eHl— O% b— e ee pai) 

e<t YO) ee Om CL Ww wm lLiibe- NM 
wrk Se OOW ~VWOr Yr eo Zi 

O Ggusewe Ze Y <T rst LIC 

= SF &— ee KNOY NE ~ Jt 

o- tie CO ede CC) ut J] ow - = 

Be eae 7, UL > COO weds 

et /) Ta) wd OO) J Ce 2a | ee ou. 


LP: Lote tate) cg 


oo & 
ara 
Sob ee 
Cc & 
own (Y 
-m™ ef({) 


oo (1 e& 


4s) (7) = 
Ce e 
3 a a 
elitist 
i ce 
(Sp <f 


Cl SEP AY Ss GR ey YS? g 


- 


—™ 


sates 


5. 
<I 
oe 

cy CD 


patie Set) a—-iitcr 72 i! YF BO et i 


tis WSO et 


Cc. LN Ol os oS 


iy Oe SLI Oever ml) 66): ULE VO aay 
Za wmMecbe bk FlTOCese 2.) m~eet— OO Om tu 
Ca Zw OO IL eee Om tO bow 

tm Ulamee > 0. Wb ee UWI OLLI Oa 
a Pade ee 1 St ae en ee ane OO™=ZrRALWL See 


Re Orme OO ORR mee LU Se 


1} J 


<a ol. 


Zz ety mOwOrer “CT te #& We Cowen >= se. 
ee oO ts ace ee i | 
CDi eee) ST tet 0 ORS og _)” wa Oi~ew S&S Ub 


VW ee a AO Deu ke | WN ers oO 


a 


oo =) 


pe OL es Oe a ER SOO ULL Sw So. 
es IWMOe bf 


eo ale whew A ote HOO mm a <1 | 
~ ee BO OD eS le eB bem WOO 


ee eri 


~) 


Ute ee ire CO ea IL SOO VIL ILO © 
je elie 
Sc om et ew & 
eee el Gite ote terete Moe ir Ee Stet tL iL ee LL LE Le re 
eee ae i ee ee ee et SS to 
~~ el) xn e& 
‘Qe (afled(od Blane Viediadion ASiadiedia gis AOU Cale Mee ne Ma dle MMM o Qt AP iad Ae ae Ble dia dl 
WWW WUOer CF OMUWUUUOUDs OUVUe OOUH OOWWOUUe OC 


~ JoJo jJe =» je Je mw —I_ije _J ee V2 


i Le 7 a 
a a ee ee a a er a or ~*. & ~ oh—-- 


see? Se? ee eg Va Soe Nee ae ae Rent ey Sage ee ae Neg Oe Wer te” See! Ge 


aIdqdaqadad aqcdodaqdaqad 
a a a ee a Oe te ed ed On eee 
AQagdqcaqdaqcqqd scaddaadaacdt 
Saree ten ran(apey jexyen(on tS Yanyan|om fan tan te | 


IN OR- COR OANIM FLACIHROHNOKMAIM 
DOO DOOC AM Hed aetiredt ee AAINAIC 
el cee ee ee coed ed od Od ee do oe oon 
SD amy pS SED (SD RD A em | eS NG a A BE AO ND | 
CS 1SE acy | ee ees | ee On) Ve) ce eh ep Oe ae Tan ae. 


70 


ee “ew eae” 


I<t< 
el 
<add 
Cag 


op (ere | 
IIOIM! 
+ -b— b= 
Deo =) 
ak ea) 


ane? Mngt) 


<I<T 
b— i 
<j Q 
a 


kee) 
AIN 
be 
ie 
Ee 


“ 





$"), 


CMO 
USED] FO SIMULATE 


GUIZS DRTEICR+e LEs Les ENV ee 


al / 
“oe 


LINE 


Peni On we SeaEo seats 


ICBILLYRFNWC11I223344CH') , 


bem eee LEN CLS 
ab: 
LL be => 4) 
CO el 
Prd CD 
ZraOitb= 
oa m4 
or NY bp 
Seer eh ee, 
(5 eR Y 
(Je <0 fD 
ar 
eee 
es se 
Ok OO 
t—4 34 
uO ~ 
Lu 
LU ot 
aievat o~ 
he J) ett 
Oil p- 
Mt ke > 
met (9° 
cy 
wJ LL! 
Oc — >< 
Ke act 
thi ber OS 
rY LU oF 
eel i - aeee | 
eee oak | 
Cor 
b- +A 
Ss oa 
ape 
mi ct 
<> 
SS ~~ 
con 
oes |g & 
oe 
b- 4A 
th 
CC 
} <7 
a oe 


> 


ore, 


ely 
~ 


f/f 


Data AREAS 


TOBEE SINT G 


WAN 


DIVIDES 


/* 


-_o 
La 
etc) 


= 


>~- > 
ow! I 
— 
<a<t 
SG ad 
Li ud 
be 
pwnd bored 


=) J 


= ot 
iy Ww 


Lit} 


1 
ell 


A £4 
Ie 
WU) 


1 


La 


x/ 
TION 


= 
— 

a i 

Ps 7 
A 
A? 
cy 
in 
c 
t 


ON 


CLPATT 


HAS NOQ DATA 


EDUP 
INDICAT LON 
T 


ais) Sn 
a 


PROC 
Rie |) 


| a bee oa 
> COO Zo 
weet << ee a 
0 RE | ae ee 2 
7De 
LU Fe Deb pe So ST 
SOC aes a: 
Cat ae 
he Iie QO tS 
a) fe, hr ae 
PM fll a ge a 
WIMUW Ue 
Seti) OC ae 
Skee 
ip, Spee | ie OE 
©) bow, 


> 
2 
ow CY 


KX 
~~, 


/%s 


/* 
/% 


UM BYTE, 
DEX BYTE, 


N 
NC 
ECON BYTE, 


$HASSOATA Spb ible rc 


% 
$ 
a 
K 


¢ 


\ NGSDATASIN BYTE, 
ene 
LINES 
PTR 4 
Le 


\ 


Bod 


DOS 
Ay aes 


URRENT 


fo 
Nae 


BASED OFCBS$B) 


bs 

+ 

Y re 

U5 Ui 

Pd t— 

aaa > 

ae co 

= a 

= = ~ & 

@) LL elu it 

C3 J elk 
Allie > > 

fam) Cok > aon 

uy tLim> a 

OY Fe &§ >OD ae 

O > ww FF ewe 

UL COL C9 PUL 


ee WOU LG 
Y WW>olre DW Ie 
MUI GD >-we PUL LL 
Wie << HO 4 DD 
UW he ety het (DODO 
> rea ZtUuUO~ 
Tmt AO ID te Rte 
WU LL 4A FT 0 49 es ee LL LL 
GO) Ss 004059 O12) 
+ OOO Y Ol OOd 
Sich a el [Gates poe gay Ta Go @ | 


el 
Lid 
be - pe orm 
> et Heanor Z 
COWS Corr atu 

ke > UWIiCdtLis J 
et > Or Ld 
LU CO er te ALLL 
eer Aid Oma>D 
> RNY (Nk 600 
(CUCL OO Ge 
4 fae CL. So Lane ee 
NAILS =] NS 
LU W469 TT YIYA KGL 
fy) SO ACO 
COOK YOrF OO 
ee a) ey ee 





BYTE, 


sey 
? 


BOUPZ Cpu rele 


ee 

Uw Ly oad 

= La) > a 
~ FU Wrens 
lie Oeil 

be EE OL dd 
eWtU D> oor DT uw 49 9 
tui pee CD D+ wee of} 46) LL LL 
feet yh)” CCD = = 
ale Oa ibe OM MD 
9k OS Ue we 
MN Oo. 4 2) > Imo 
LULL 4% “TOM AM MILL IL 
gwen 0) 44. 5 COO) =) 
ee Co S60 
eee eC) Ole <t as 


ADDRESS, 


Je / 
“~* 


R INDIRECT ADDRESSING 
G 


LDN 


BysHEIGHSPTRS3) 


‘ 
¢ 


Q 
M 
$ 


tL <a 


~ 
eo SS Ls er ee et ee 


Oo 


e 
La 
~~ 
tL S- 
exe tO 
> 
‘v — 
oO: 
ann ts 
Cor 
+ ~ 
aS) ee 
fe 
qe. 
bh (Seow te 
 — >> af 
eee a 
nw. > 
AC L--—= 
Hee 
LS Y si 
CO ee 
2S 
ace CF CS ee 
Oia a a 
<a ee ad 
So Se ae 
ee 
We ee ee 
™<Ime YY Uw) 
Cok 22 eae 
C50) ee 2 = 
— 


— 
= (> 


OS ta et a eee 


OZ iw 


ee 


7 
) 
} 
4 


OaAsChi-we 


0 
Q 
$ 
{3 
V 
|> 
p, 
bVI 


%K 

M 

D 

HOG 

M 

{ 
Cie 


fos mae 


(AUF 


(il ( 


aon 


© 


aly 7 
“~ 


/\ 
ws 


re enwm 


@ © (TY) 
Toi et 
CO e~1 
Lh U. 
Coe 
TY | 
aon 
Wo) 
WS) Vom 
oe et 
wu wu OES 
be be oe 
wD | 1 Ye) 
OH: G27) 
th 
ee & OF 
CAANIAL]e & 
== &F C. 
Us<t a > eZ 
= oe 
Bo) 
pe I< Oe 
(S Gaat <1 <i co On Ce) 
Lhd eog eg hei Uaya & 
D0 ORR Ie 


CTER FROM PAPER TAPE 


OQ teen 
WES (sige eee! ay 
ey Ue f(a. 


ale 
a 


per TOG SUT ce, 


SETTING FIM 
2); 


aaye es 
1S" 
Com 


Orr re>p- 


Ov<t aNOorry Tost 


CS ati) I oS 


Gent ee a 
3¢ US C 
ee ~~ OQ 


—" 
3 A 


© tes 


D 


‘ 
} 


f\ 


A 


) 


bed 


(NIT INPUTCAS 


oe 
toad 


Ah ency 


N 


eS = 
IMI O 


<i 


eee eae YB er 
Q sOVOndndU 


ROUTINES 


pokes YSte™ 


mien Y rice oue eS 


‘ 
Sees eae 


/ ot 
“gr 


a3 OG 


Ly Lu 
Care 
<I <{ 
eevee 
Wu) 
LL 
AB 





x / 


yy 
PAGe vO ihe ay 


Cage a 


‘aa Cs en 
Baa Y/) en 
cj\O WY 
LiL p— @1LIC} en 
Crs Ut Cem 
OZWwrOoOs eZ 
wmac>D © 
Pee <1 (O<1 C= 


=) t— 
ee COUT © 
e43> Uy Ow 
Eas (_) COL 
© 
mo 


ty! 


LTBRARY 


aw oe 

VS) en 

UO Ue) 
eileen 
Wigs cs 
(08 eg U0 ae ow rms 
Low. & 
OoEanacst 


tla © 
AIK WW Sz. 
=~ COU 


x f 


SY’ STEMeROU TENGE 


a 


> 


Sy ob Gs ROUT LINE 


iS 


* / 


SYoteM ROUTINE 


eon & 
owe fo OH Oe 
OC jg 
—aItLk 
Le > J 
i pas 8 © pe 
we 
Wi <tI WN) 
ry’ -J I +e 
oO x 
(ay ge a 
toe eae 
Sr Gao Loa (SB) 
ist cD 
ce a a 
2, a en ees 
te US <I 2 
so “ENG LL 
a) 
a, 


*«/ 


LE CONS CE Sis NG 


'g? 


RETURNS 


> VECSaOR Ant TL 


INE THEN 


Y) 


(ES oe Vaya g 
(iejea o) 
Sey St sa 
we LL. ica 
Oe 3) 
ei<t (oy /\ Ub 
Ci e- <i V > 
WI ° 
jt) = 
Et LLI “De ce 
Ck > eesti 
CE a ER, ac hl 
mw A.Us UIC: 
(aE oa © Saat e 4 
a i a ioe 
6) ale 
mH €) WO 
23s lu Let 
rN OD OW 
(ea 
re 


8 ate 9 ae 3s 


UMBER! 


be 
ens 
: 
wer LEY 7” 

(aé on en 
LJ TD NZ eee 
MONIES 
LL be ee & 
OWS Ss-7N) 
Lic) Cj wt wot tw 
Ope wer 
(90. C3 ew i CD 
ww Lis a tt) 
Sede) 

Cre Ss) 


ee CjyMat Y/Y) 
bee AD es pee 
(> ee eis 22 ela 
Witt Hiya Se 
aS OVC Ou! 
Lu 

i/) 


Li" 

wy en aw 
ee QName 
twd== CO 
MUO « «& 
DTS) Cy 
COON ese 
LL CLO Re we ww oe 
COL CD rat wnt 
fees Ss 2 Us 
en) OY) 
Peettiic Sl 

aWN es 
o2 aac] |aees | 
bt | a) 
tUst 36 Ir 
~~ O) Ctl) 
Lu 
fee 


ena e 
tr Were 
a; via 
OW 
<I YM es 
~~ TOO 
Ort © 
Ww Ww ~ & 
oY WI OLN AY 
DOON &4 
Dil Oras ae pee em 
cS FG AS 
MYALIGI ED we 
Cte 
QO Oc it = 
onl f= 4 
en, a Pe 
lust UO a 
Ee Ga TE 
<< 


>i 
me 


en, te 

pir 

(ad CS? en 

OO Uier 

'@e | UAis aig < 

Pao Ml © Sy Oe Bey 
QOt<lO 

LL) Li ew 

ie BK a OG le) 

MOO As 

Coes 

Uj QL <I Cp mton 

2) erg a0 


= ae Pll 
ey tee Lae) Ce) 
co Bo oe a a, 
rS<r i! () 
es — - J 
LS Ge rae a a 
Gy ta 
CONS Ce ey 
a 
ee, ’ 


74 


on 
} i ae 
M2W 
fo Wee 
<t LJ ems 
we lLU YY 
‘od Gaya) on 
waOoOes 
Moyet = |) 
~) Ud ~ & 
COOL AAI 
WIT) Cat ot on 
OOO LL 
OO Teqeif 
Ge era Be 
ere i CC 
Sy ee 
eer <t ee 
eed =I 
ace) —)C) 
Wurtz 
aa ee 1 
til 
B 


OY) 


on 

wns 

(i on 

O.= 

CO 

<I « 

aN) 

enO rs on 
CL Nim Y 
C) ben ee et 2 on 
a>Wazado 


RESS; 


oOOw oa <I 
mor CS 2 
Go Shi) =m Cae 


UJ 
Ot 


AOZ itt4D 

Oat noe 
@y3¢ UW 
<—<—“~) 


aaIU 
ZOMW 


on 


tL} 


~~ 
ox 


aw 
wry 
WO 
fis 0] 


Mm 
(oe ya a 






—— 


CY ow 
Cj-~ 
ie) ©) 
Y <I ow 
WJ HN) 


ty Cn rida en 
Dili Aim YM to 
Oh eet 
I>ONZ atk 
(0 ed ll I ce 
Se oa oO 
SA w= 
ez) —| —) 
Iniott- 9D 
ee, <a 
on Us 


END OF LIBRARY PROCEDURES 


ste Ye oe ake ak ok 


ate al. de ale 
oe oe Cs ie — “1 


f* 


Bil 
“4 » 


Glas 
ARY NUMDER<TO TO ASCII AND OUTPUT 


ij 7 er ee 
i Ack © Ea 
=] cat). 
Cc ~oO 
LL p= COM ee 
ee ee ee a a 
CU ee oD 
yS> ws 
Oe 4 
8) @ 
ee (j<ct ) 
Coa) 
28) (a ae ae) 
2Z2tkeWI ZZ 
Wn OOUW 
C3 
= 


aly 
Ld ’ . 


em 
Pais 
Ce 
= 
Ee 
Lis 
af 
Zz 
LJ 
T- 
oss 


ii 
Pa 
haw 
ae 
on iff 
emt tl ui 
ane 3S be 
—> +O 
ree mB V3 

ae Pas 
is ae a, 
Zest 
IO eA 
eS) Law 
LS pe re we DL 
Cc Las 
C> or 
Oo teenie 


TOCA ASCIT! NUMBER AND eo TeUT 


or OW eH Oe 
id toe vee 
Pg nee 2 
alta ~aXo 
Bes © JO 4 
0 ES i Oe 3 
mae hy weer 4 
ae —~OOC } 
cL) (I) 
(as oe? 
= aod gal ae 
Sea nee Be Geel PN a hs 
<<. GC) <i 
re UDO RHVUUF2Z 
= rt on) CO 4 


Oe 2Ooomiw mm i Sie 
COD oo LSS YO ©) 


= 

=) = 
<2 Lu 
PN Oe 
S 

) 


ae pe fia iy ee | 


meek ee FR LE IO) 
bh UL. Wow uk ia 
~) wat Sy end Coizl 


TES: 


ae oy 


CONSOL 


PEED 1F LINeS NUM 


cs 
RN 


ae pase es ae 
ose lit <t 
ee 
cc 
{) 


~ 
3 
> 
m 
= 
=. 
Lis 
a) 
— 
— en 
qt 2 
pr e 2 4 
aS 
oe inet 
= U4 
a 
— 
a ee 
Of es 
—_— TF 
= t= 
© 
uJ 
ser 
om (i bed 
COA et 
<It- # 
fe Lis 
cud Pe | on en 
mw 7 eel) ~~ 
m4 tI) i 
US jp C ex 
er a>O ~— bk 
ae OW ag (AS) ee) 
> ) AN Ci—.CD 
LiQdrn V ony e 
IC at a wor Ll ee 


Ow LD eneut~ Tike 
WoC 2 Se 
oO. ©) AS Rt ee et 
LOU ee ee ere 
eye OCS. 
C) et cI es 
rd aed alee 
| i) cae reel PE ra 
<TH WU <tceteicge{ 
= Ce Ce) 
= 


pom 





on 


e ob 
i ee 
= Sl 


cm 
OP eas 


=) 
iz 
Ou 


TREN RETR el Ue 


) 
A 
CHAR="N*) 


OO. Le J 
oo) Ole. 0% 


oa 
~ a 
+ 
ce 
oe 
LL 
=D ig a 
© iy ts 
n= 
po 
az th 
Coe 6a 
we | 
a Gs 
tis LL 
(a Anes 
= 
 s & 
bil a a 
ae <t 
fy 
> + 
ao = 
oi 
2 et 
Li a 
LU {i 
CO oe 
ae 
eat/) Ue 
et oh 
— cy 
> 
Gis © 
CES 
tine =f 
(ae 
mae) Oe beret om 
oo. E5760 
Lies wae (/) oe 
| a, er cast 
Gu) Ulsrer (2 
Peco tL <7 
oa ae cS 


bot 2 22 
em (AU Cr its 
WTR 9s LS a 
i. bk C3 
eet ei 
Cos es OOM LL 
WV) 

a) 


OMA 


PROGRAM WHEN 


ETE DERG 


re +e 
ee CLs. S” oe 
lr OS vO 
Ces Za At 
TO NIL ites 
(ay reo er | 


9 


Qe wer mm © 
ar eo re ee 
Oqgs= ~ 
Ce Ca i LO 
ee aoe (ee aad <f 
blo 


Cele (Go es _) 
Ura <t ti OW) 


oe a Re NS eal 
eG C5> eS 
<7 $f Lee rae 
ws Cy, aa) 
= 

t) 


76 


pee eens 


DE 
SUR 


+f ut 
ad RF a 
see Ga) CD 


ie SS 
ee | e 
t) 


~ 

3¢ 

Ltd 

fee 

ef 

t= 

Ta) 

© 

=. 

<I 

= 

> 

a) 

C2) 

-) 

i 

LL 

Cy 

G3 

ate 

ti 
eal” ow 
ULE wet o~ 
fg epee | O 
ey “I 
my oe = 
ily 7 Ow 
Quy ee (QG 
Da NN = 
erg i} ~-() 
0. WbrwA 

C)°sk- 27 OY 
ee ow <I pe Tt 


Mt Obl ov WwW 
2. lie 6...) 
OWN HAA (Oo 


Sy UtiU LS 
AS AD Ggy as yore. 
mae Cc a 
LIM, 2 St! 
J 


/ 


4 


» 
+. 


CONTROL PARAMETERS 


ow 
on aut OH 
Gs eee | ii © 
YK tt fl 
Dai +eDo 
QO uk es 
LULU MoI. G ew 
WnIM «FO 
jee. Ue tS) 
CIF DOSS 
O <a Oem 
mel efi Tae 
eoh—tl) ow eluicl 
ee et 
eee Se) 
Qe Be ee =) 
4A ad; J 
Oe sICo ee 
A~aAaoodae 
Chess. Co Se 
me | 
Co 


ane 
* 
e 

- 

= 2 

ei) 

bt = 

my.) 

Oud 

Tl 

OO tr 

ED coal 

-~ 

Cou: 

<1). en en 

OL =. 

«<[ Ly 
Semel {> 
WOM <a 
MW <TQ enQO ee 
Dk YM 
OMLL 4 WAVY) 
LlLi<f NOE Sol ee 
ey CL) <f O<t 
c be «tet il tuy 


CU oOmmMiuy 
Sn) — 2) 

qivodaore 
eCNOOU 4 I 


Ceus => MUL 
td ze ae ee es 
~~ wed and ad rt 5 
() sé qi wa 
i (Ci it 
| 

LL. 


“~~ 
36 


us“ 

EE Of 

ms 

enn 

Oo. 

= <1 

> Eps 

Cc 

COLL 

cS 

Oo<t 

Luc 
eecy tid 
ULI tis a: 
me Li <t 
> LL. 
(0 a [pet 

mY 
113 pf} or aS} 
Ot > NY) 
ez) eek | TENeIe 
Sy ee 
LUI) Ol es ry J 
COLL O & LU 
Sy Cot. Cy 
mm US eb 441 ef 
Qe tTOMnM 

rare CT 
SO ed] WV) 
2th oa Y 6p (i OR We 
ea NS 


RETURN, EOUSSMARK; 


eel” 
Ow 
C2216 
ate 
‘a %) ee 
ORNS 
vOn< 
he OL 
Cie 
Sd I] Se 
MW 
Tex 
() 
Lil tf 27 
sag (ee 


Ue Ct een Se 
Gk ee OO a ee ee 


VY) 

i> om OUI 
Tove WO 
COON SO) 

— 

oe 


« 
93 


a 
? 


sn 


rs 2) 
Ly emi) 
te) Re Sy US 
Or i aZ2a 
CUZ awn 
Om 4 
fi wOor 
ARES 67 Oe a | 
eg ate ee 


AP +] 
ole 


\ 


aed Joop cer Oe fee od 7 ib ee 


wt OLDS oe te) 


O 
S 


mre) wie 
5 DS Bigtaie a 0Y 


Hie 


iS“AARK 


¥ 


Pavers 


CS 
i 


R 


eC 
G. >-k CO 
<=©O 
a. <7) 
Ur eae 
UI <a wy 
a = 
Ke F— La ke 
Ore 
eee 
CC). f= 6 
CoWIM tu 
Wo ct 
tic) 
een’ YY > S 
LE ttt Lyte | LG 
he bk Oey 
~OtOd«<{— 
Coe tly a) 
wey 
LL <t tC ee 
aro Go ee 
DOW IT ellukeO 
Cy llhiterNCi >- 
TO iy (ee WsNMe«f 
ee 
COD eswrei~ WM 
iad he CO<IN << 
eam ae st ee el 


ER 


Lu 


_ 
-——_ 


(YL ew 
ie 
We 
<_«t 
=i J 


edad 


ewOoDTOrf Ody 
ae CO ace) Yoh || Ga RO ET 
tyke CouIUIO wer OO 


Corre os es Sh 
Lo Omi Tee tu eo 


~ pet ne 
‘4 c) cae 
oz tt MULL 
<< ae La 
J) 

iS) 


ee Ges 


(glo 
ys) 
Yo Gar 
Oo) 2 
<fS ll 27 
So ee 
on - J ~e / 
aR Se) UA og 
LL Ce an had 
— LLi eet 
© -O ae 
w= 1 yee) Zora 
Cyc of aE OO 
ze wet Ze ibe 
<1. /VG@) th ou! 
V G)G 2 
ma LL _— 


9 oe ees UE 
H COiLt re 
(2 £m 
<I tk 
ae ue 

t) — 





Stet CHon=o PX SMARI oe Noh S SC [a= 


oe 

u} 
on OL 
CM <T 
[bee 
ae: 
jee 
Hey « 
ae \) 
use yY) 


LJ 
a 
— 3 
| 
= faa 
= © 
O Y 
() a) 
Li 

Liu O 
2 © 
ro (aa 

Oa 
ee 
OC tw 
ac =) 
Li b— =) en 

OSE 4) + 
(oe ry eg ae SE Ts 
Us @ p> ee Wes 
be Oo <T 
OO KN We 
IND AG 
Ces O(a 
- ot rn Od rr al 
rF DR Kea) 
Seca dV) 

i 
= A ll ee ee 
Soe el ee NY 
LL 45: a, a= ya) 
ZUR Ss RR 

Fad, Us pa Ws fe 
Wren Co oe 
643. 2). () on 
LL ipa De wns a) 
e Se Eb tel Lu fv on 
a) Go) ee 2 b= 
9 hPa <i ke >-k-}b- Hos 
2 at aaa pa cD Pee al 
LULj DL Re be mt J ee | 
Oke Voor it F Cm 
Stor <t oo <t S SY) et 
QOcs COD DeRokZ 


Become). 2 Ot oe 


Ot uiJUu HBWOODeeD 

= Ce Ye 
Cr G2 a ee 
ON ODT a ee et OW OUI ed = OO 


Cite DR Wwul 


pa FD ees (Pes 
ee >) ios 
23. st VERE ete 
t™ XQ 
9) 
Te) 


x 


oe 
ee 
ome 
}— Es 
— CC 
a 
om =) 
ag iae 
i aed 
CY bat 
wic, 
COR -2 ard 
Wit © 
ae I & of 
a as 
Ra 
VR ae 
= oo. 
Ee rd 
a ye eS Oral 
ZaibaAC\Ne 
eS OL ty es 
to Qe 2 


J SW Sk Ly 
ww LLIO< ae 
Ii Smo 

OM fe UC 


ZZ we 
— <7 i 
— ow 


PU re 
Le of wade 
bee C.. <0 OO ee La 


(MODE=BLANK ) 


) OR 


a 
°G 


OC <1 <T te 
C3W LI Lu 
pleas rete 8 | 
m= CLT ow 
- bh SZ 
ip peel SE | es 
6 eed ol 2 €L 
W <i <tr 
res <I 


ese TZ a Dk ee CO ZWREZ 
Sat et eee Gy Ss WIG) ery 


ad 


x ae 

<J = 
+ oe Ge 
ae CON 0 ot 


78 


Wu Owe TI LOD ow 


a & 
<I 
eee 
(2 Pz8 
<1 


R= LU he 


ey cia Cc 7) 
2 ou 


eC) 
Lieh. 
Oe UW 


fog 
oe 
~~ LL. 
rt ae 0 eo 
pe a 
> OLE 
sé LL. 
Pig ae Bo 
mel CO 
(Nike wD 
ae 4 Se, 
COMMU 
i, LMF 1 
* CLI LY oz 
Gy sau 
mio 
_ esd [4 Sy a 
— as eee 
<I jad ye 
= > 2 eae 
mati, OD 
ez a 7 2 ss 
COU Pd WY 
tive: Ca) oes 
tLe COL tU 
Wwe he <r = 
on™) & pole rata 
— COU on <_f UW uh 3 
tu wh mus oe ire Fp 
WALL AL Uke <I ~ jj 
<tO > eI) 
oS bE gas + QW 
wer LI <T mx “MLIS CR 
EO Ae “Mr 0) 
Lis CF Clues Wt) 
o7 Dw LW enon tjJrai<t 
me aeNetem > aoe 
Diem & QIN OO Hp 
UIQ H OC HUN << 
COW WOULIeO Wt 
Cea eS Ud Sn a oe 
YILO Nes x TiO 
O tweet belt os 
i- mol i p- = 
ee wu ooo = 
Ph CLILL OC LL = LU a 4b 
r4teraet cf OTS ON“ 
<{ wa) CO 00 SS et KT 
= tjm~— RU 
4% 3¢ LJ -) 
(Pw 4S ae) 
we) 
ea) 





~~ 
a 
w 
Y) 
VY) > 
Lu. al 
0 
E> <I 
‘an LJ 
sar) OL 
LLJ 
OCU bk 
tlic) aw) oe 
Lb.) Q =m 446 
a a fm oe oe 
Sao jZle 
m On td 
Oe <tWY 


Cl (1) TJ. I 
UW @ Due 
DS Fz 
eMr-ODDea 
pie et ee U. 
DZD 
eauvrOOOt «1 
fer OO. TO) cn 
tics W mee 
ae a ye | ee ic 
a) ade adh Oo 
See <i aA <f<el DluS 
ei) COO Oa te li 
om 
- 


e 
9 


END 3 


ND BUFSWATT 


= 
— 


/ 


FC&$B WHEN DMA 


tmea 


~~ ON 
cn cD 

ent 49 

Lee ue ow 
wma 
mC Gh. ots 
MIO ww 
Vf peer weet CO ee 
SD) oedt oe GD 1 8 
Cert sel y 
yraIeeHO et 
CoS se i ae 
eetlh iu. 3we4 


2G ae ra wy Ss ee 
Y Oe us 
cel ~ =< 
pe pees ered [8 kere | 

‘Ve eel Gren! eal Sean ae 
Ma 10 a] 
Ow cose 
tu 


= 
a 


~~ 
$e 
<I 
=a 
an) 
Ze 
a) 
ae 
7= 
mm 
«fy 
OO 
i 
a Ue 
ener 3 
aa @ & 


ah 


ae ae a®) 

Daeewe. GF 

Lo er Seo CY) oe" 
Sar Ce 
CO ee wae eatl UJ 
<< eON. 
me TS wwe OO 
ee Ulcae ULI) 


as Re NCL t—) 
AE, oes 8 pee ae el) 
a ~ 
Cae aes eel FS ee | 

me ee (age ree | 
ip Wena Opn as Pl 
aT Tb 9 tae EL 


+ 


ult 


Pas 


“~J 
tO 


gle / 
bat toad 


FC3$B WHEN DMA 


LLIet AD of} ee 
OC) ke rH LLY 
(Crees 
QO <i <i ~~. 2! 

et tie) 
©2469 49) te 
OE ees ee ape ee | 
SEE SED IO OB: 
@yeaiGo Owes 
oud ae 
So eee [eee pes 
F 5 J CO) 
yet i < 
i AS FA Ta 
tis 5 
Pa 


PEBSBeWneEN Din 9 «7 


/x 


‘si ee 
eo Fe 
ee) woe 
a Ww 
OL = J 
ibs ug 
ce to C) 
it! LL 
t— J 
ie ae 
Sea) 
PS 
oa! 
1 
Cet 
ecu 
iu 
= 


bb 
>= 
eat 
VY) 
anti 
Uiad 
Cae 
<I 
Rie a 
~~ © 
Le 
LJ 
w< 
BO) = 
CJ <I 
WIG) 
i; 
Blea 
emer) 
OC ci 
U4 
12 


Creel iy 


7, 


WITH OMA 


Ree fie 


en 
UJ 
k= 3¢ 
> 
fam) 


tL 

SY 

a ore | 

Mn 

~ Sead 
© | 
WLI a a 
LM oy mo 
Cred CD 
S00) We onan 
ey (Ace 


Tite Oil Deo 

Bae ae ES ear OS 
—(rc rua 2 ou = 
Wik eT Y) etme tu 


YK Iteg 
‘AH COQm~— kK 


UV) 3¢ LW 
i 


Wd 


—» 
<— 


be 


eo 


“~ 
% 


us 
zu 
© % 
(e) 


WM 
Ai 
— 
Sy <t 
“= 
= 
OWN 
poms J ca ag 
at 
tee 
Zen 
AT 
ean 
met YY ot 
ID 
ZOD 
}-- 


3 MS Cows ten” 
“NN IU Oat Ol 
a) Za. II 


LL 
=) 
m 
QD 
I 
os 
oe 


= 


7 


ot 


2 TOP NG eS eee 


* / 


uJ 
aij oO 
Mv A Mex OOrw raced ed eee zi 
We <Tih el DMDOOS— 


Pele Vey KOULIENE With DMA 


N O03 
EDS SREAG, 


ww) LS TSE) ei ST et 2” 


2) 

ad 

re 

=. on 

ens 8 

an 

~ cr. 

ii} 

(a 

Pd 

~ © 

Ze oa 
enh b-- 
Wk Cea 
b-— LW Or 3 
>> wad 
oa) 2S 

mo UEC 
ad emp 
Titus th 
LOrY 
() >+ac 
~~ OM< 

<— Shee 


WW mm +3 AU 
(a ImMuUIws 
my ee ee I 
Gea ef 
Li pe COLL ow 
c>) Deyo aa eg CO 
ea) les Gyrat ol ) 
Cen el Ta vt 
Os. 22)" FS) 
—) me 
eo tt WUil So tli 
Mn Cran 
ey 
re 


~ 

$¢ 

LI! 

=) 

(~ 

bh 

ed 

aie | on 

- th) 

uy 2) 

Cece, 

}— 

Phe a 

— (rc 

Ee 2 
eel aad 
re Luis... 
ot le OT, 
> 
Owe. 2 

oS Ge) 

lL aes 
OT) eee 
DT Us tw 
Tr ee fe 
Cory > i <I 

h— Em 


WA Gt 
GQ «ToILUM 
EVA ee 
Lb If COLL oe. 
C3. Lait) co 
jie ee ete CS 
ol cen Ge Oat Oe Ow 
Cee) <<) 


— hem 
co 36 Ui St iu 
ys Cyma* O 
C) 

WY) 





~~ 
+ 
—Y) ae 
@) ~— 
ee mH 
uJ — 
nh ae 

ee) 
e) b— 
= +f 
<{ mol 

tH 
> ie 
bo < 
oo eel 
PE OS pa 
omits t © 
tl za if 
ccd Wes 
ae W~Je 
oS Fy + 
LUr11 Tyd- on 
2 oe ss 
Cot keke 
WiijenA FZ |} 
On MieeZ ty 
Luke OU 
elj><izt & 
~Om2a— FS 
OY <I JI & 
bebe (OD ot 
= her << 
Ushe-iLi 243 LW 


oi / 
(LOWSPTR<MAINSTBLSTOP-1) 


e 
9 


RAPH AREA 


AND 


oe bm be 
> ee iS 
+9 & ud 
Ph 


A 


; 
\ 
‘ 


PROCEDURE 3 
MALN 
TR ADDRESS 


SIP NTO Seana 

SeeeD UP ROUT I 
Cenk 
ee ale 
MAINSC 


PIL a yi 
/ mC 
7% 
OG 


an) 

< 

th) 

iF 

Cc) 

z 

<I 

4 

>< 

<{ 

Pes 

t& 

saoaul 

mm on 

ewf—- = tL} 
Wt WY 
I- = — OC 3} 
>> Jen 
om <I C dus 

= 44" 
tu Ww ema 
cy % Ck Ww 
<p te a 6 | Yr 
Cj) «a7 —_J 
bit) aa <I ee. 
Or Oye wet Ui) 
CY ea | at Ss 
wat et eo 
OA qtujsICuy 

=e =, 
ee bh () 
tule Us 
ze od lis 
© 
@ 


~ 
x on 
a 6 
© be 
© 
© 49 
f— te za te 
o™ Pood jorad 
I~ Onset 4 
aa) >i 
WY) tL. 4 wee he 
sen pce | 
-_~ Mus 
wd <{ Sh =<. 
— weer 47> tf} red 
eecs) ow bee lh OX <J 
Soo 2 eS 
Couto eel 
eres Ol, (ie eo 
Hyam~ eel) engl) amp-- ew 


CHOW AY lee) I 


<lmw HL AIL! 


wae 437} ts 


LUM py OD Detit. 7 ee NI 


ef) r— LIL, 


We OO 


UniwZ&@ oesc6. | ZU 


aw, C4 


od ise 0 pa 


ad? 7 JUL oe) 


r—t J an I 
<x <f<(O 
Ce ae CC 





on 


— 


cr 
_ 

on (>) ow 
— 45 Co 
fem) to =a en cp 
t$; _— ti rad FH 
Li. eed) emat + tl. «« 
ae? 2. 2 Sm 
OD OCLL Aw pH cyce 
oie tt) 6 By 
wer CO LI A 48 i 
Lb lt'do whe Lt' ti 
fm me 4 t~ of 
Pier Ll ty <1 Las 
SWat aa fl sis] GH Jie 
TS a TO = 
NI-P Cer 8h OO 
cy th. pew) bay ax h- 
wi ~w~wRm wMmliuui ww 
ae Oetth een WwW 

Sa Hh OC il a 


ate / 
~* 


Wi eet UH 


FR 
e\) 


be ee 


ty CO 


rie ONG es BU. 
END 


Soleo ie 
ND SEND [7 


ea 


EOBSHDL 
[* 
A 
D 


on 


eS 


tiJ ow 
bh > 2 
> o SE: 
fo @ Pea cp 
LL? +f} 
ad +4 =) 
Fr oe) 
eli) =~ s 
Ve ite Kear a Lid ttl 
wid Wi II~ eta 
tu VOx+ See. 
Sows «« UV OC tS omem 
OQOwDt = tf Sow 
CIEE oe a UN or 
ect <I i oe OSE HW. 
0) co) ae ee es 
C—O) ee eee (Cae LI co 
Y > 4 Lew 1} rN) ee oe 
AMDT —~AViA theta 
pl | ie (segecgne fd Ce ee ee, 
CeO JIN SLL OUI LIF O 


MO Tuw2 
[alti = KM eo ye ara 


82 


~ 

A 

i 

(O 

- 

<I 

= 

tL! 

(of 

& 

tis. 

Lid 3¢ ve 

qQ) ~~ 

- 

Jo a8 

cO <1 a 

- = a? OF 

49 63 x 

<I WJ ao 

kK = 

Oh A 

4} I> 

Oat be 

f= }- Wu 
oe Y The eee 
Lij = es ed 
t—- it OS a 
~W cory #0 + tJ 
OW Mi Z pojae 

fam Sone poe tt J ee fo on 
Lite Lud then 0) x 
Geagecce 22 UN <I 
> mw >i = 
Mm Der te A 
WOO Oem joe 
US) ed Es eae ae ee O <I 
OG <7. IT™ =i 
CWS. eM i AY) 
Qa ft 6 th ee <I 49 
ah Fo ee ae -- 
eZ f— j— mine em =) 
Ire ty 4” TFT QO aaa 


Pe WU Oe ee SIL oz 


Mm tee Os OE 
“A ase it HO a) 
ae ee ye 9c) LIE 2 
Ot WO ae 
br WCNOOD Ou 
<{ 

hae 


«. 


on’ 
LIC) 
bo 
> Lu 
mac 


— De 
Ud J 
Wace 
<I> 
mG 
~T 


IY 


Oe 
~~ 


LJ <I 
2 eae 


(ea Be 
Lda? 
Oz 


so aye 
OW) 


erry 
ee 8 


x< 7 


° 
cc 

USUI < 

eu. ke 

b LL — 


Ey) 
#M) *eusth- 
ery Ix 
LULU AY Be UW 
bt em 
<I es tid 
he OO >< Lu 
LL = ke be 
2 
ae) 1 
tu b= Li} ma 
Gale) o< (hr 
wi 8 = 
Qieg2z «2 
mi 
be LLL 
Ce ae 
rat LL pee ey ct 
<< WJ 
ht F O) 
OL OI = LL 
QO KYv~Z 
Cae 
Gar =) => 
Se Ce 
x Sie UE 
=z - cw 
Or <twn 
MSL Oe CO 
oe a) a” 
i ae Pat 
bee wet 
Y der 
J tk 
wo <« <f 
The CeO 
b= +) DW 
<It~ OQ 
Beer tilith. 
Sa eere a <i 


oe 
Ul 
YY) 
<< 
mM 
e ea 
4 Wd 
aad he 
>- 
Lj Co 
or 
Sap | ~~ 
a ti 
ti SY eo 
i) <r ae oy 
te) og) x =a 
or z — 
QO. cS <[ bot 
eis zl b— 
ee NY cD {Ft 
lj Neg 1] <j 
J tic eac - 
t- Co ees ™ WY 
mm Oil + ent} 
Ee ODIOW. He 
St AM“ D + Li 
<Jf UW Wl Mm Lk 


Mary”N ed tthLaaty 
GF I <I tte LS If 
MC yowr tl MeO) 
i Ud eS aS pe a 
t- (> ‘o Bia) feoree| 
= 

UU 


Cou o> ey 


HAR 5 


~ 
— 


45 THEN RETURN 


TE= 
TE=40 


aad 


fon 
<I 
ae 
Coen 
ioe | 
om to 
Ww 
4 LL 
=> > 
if} tH ve 
Ooney 
Seis 
On, le se aI 
1] =e I} (O 
WW C03 
Wereltli 
uC Sm 


> 

aI 

2 

+44 

a 

fa®) 

= 

4} 

bc 

f-— ec: 

VALN 

NT 

Vii om 
eat!) © 
Tk WN 
i <f oem 
Wik= tlin’ 
FY kee 
TH deo 
(1d tr J 
j= Mee YD 
AOR I 


Re Smee | Tel Ty SuSE I) 3 


ah 

ee 

vi 

pi 

45 

Pied 

Le 

Ta) 

LN LJ i 

| — 
ee rs Oe 
es tli ee DD 
No] ap yaa) [EB ea 


PORAD eS SOWA eel Ol Hee Qw~ 
Oaton, thom UU 


Se OOFOD I 


mte oe (OZOOW SZ ee ZUOLTVLZvraZwD 
MM OCWEDPYWReIWHAOWDUDOCWM 


~~ IT J 
het 


LL 


tet 


aay & wal 
= tLi 
u 


rt 





« 
9 


Ww 
VY) 
<< 
an 
* 
—i 
sa 
~~ 
— 
f-- on 
FA wd 
<< ! 
b— ile 
Y) > 
48: fae) 
ener il 
aml AE [ES 
dapper em TD 
tie. ce 0G 
emit <r 
co rr aoe 
| or rs LW ee 
LE ae 
ree 3} <T OQ 
Mlucr ee 
Ye ®e~4 (1) 
KOA <l 
Peel 
Pretis Sry) 
=> 
ro 
Wath 
bo CY LL! 


~ 

3¢ 

LL 

VY) 

pa | 

<I 

jt 

rd 

(a ae 

aD io 

LL j-= 

bom (} f 

Po 6 UL) 

9, BY ay Pa 
Ze 
itp Lt A 

(ae => 

“Sh T 

(ag Mes 

iL! of on 
COI =I 
(2.2 e 
(ae | 2D Ae Le 
QWk= tA 
9() 16D 
OS No eo ON! CY SD) 
ae OO oo ch) 
CA 2 ves u <9 
pd a 2) Pl 
+} rt TD 
ead Fg ae 
=) Wile 
Ws 3 xiv 


4 ™ A (XU 
< 


) 


ELEe. 
eae 
UW <I 3 
-—4 
zo 
mm Or CD 
wit © 
ae ee) 
eo(K p— 
CUE et Ai 
ae 
pee oT a 
ap i 2 a 
Mun 
moves 
si | eee 
ieee y “te 
tc 
om +t 
wer LE LL LL 
me 1) OY 
LLy << 
CLL EyC) 
ica ee 
ano cea s Fy 
LI CS 
(ee Ne 
Gy <= 
MeO 
eo, ©) 
ae () 
os }-- 


ADDRESS, 


ema) 


MUS 


iy VE 


BUF SB 
AIT(BUFSB)5 


- 


* 
? 


a 


BYTE 


Pa 


stEN 


— 
Sa) 


er NS, 


: 


j 


ee ice SUL 


( 


ae ee |e 


aI70 
OOM 


&4 


3c 


uc & 


nw 
ome 
oa) 
a7 ang 
bt WZ LE 
AZ 
Lij<f OO 
a 
66 1G ad 
WwoOnm0 
MOQ 
—i 
<1. ft! co 
teary 
ne BE 
a) 
Came yee 
- & 


~ 
3 


LUO 
CH. bes TL 


oN 
eet 


eam, 
— % 
e@) 
YY. 
Leo 
=| 
aac 
Cc) 
jg aa 
<TH 
1 co 
| 
~—> 


a ol oe) 


= 


mi Coot 


Be) i 

SOx 

eee St 
Bik Ick 


a 


en 


DANN ry 


ay al ot 1) <i 


BAYNE Vor 
eocl MHP TU OY TOU ew 
ary TOeK TZ ian 
TT Aucdan-+ 
war (_) £4 in ee SE] ES 
RL etIAUE OS Sec DD 
eQDO NHONHOOWOW wm 
S=2Z~ZMNOweSl Siw ITH eh ee O 
bes ULL © 
ee ee Ses UL Secu. 
TD ed eet Ses Pe Set 
sett) CL «eee oe OD CO ht OL) I 

pe a ee 


onal ps 


— 
UW 


*/ 


Sew ed or ek 


TE(BUFS3);5 


(ees) OR Seis) 


— en 
cy uti 
=Y) 
9 oJ 
if) <I 
ee )LL 


= i LU 
oeOGlNe = 
Ge Al 1c 


11 —j) ow 


uo JF CE 
Soe wise att] 
MO WW GW Yi 


END; 





~~ 

= 

pi 

h— 

LU 

= 

— ~~ 

oo. (tS 

ee) 

atin ©). 
=. 

Le 

a. CD 

LL 

ee 

aa 

2, 

~~ CO eo 

= O-eew 
= UWik- 

Uses WILL 


JI ud3 OOF <3 
Gere ail fil 
mee oc 
VI ie Aire Be 

yee } J 

ce J-O 
%+ O27 data 
pe ™ () COC 


=) 


ry 
> 
oe 
eas 
= 
uj 
Lu 
ae, 
cae « | 
@ <2 
ee 
- 
MY) <I 
a <i > 
13 (Ee Foe 
—_ 
= e 
mi 8 >” 
OnNW 
Gu b= CO 
ee —4 >” 
smh Se 
Lure 
COM AIS 
Lag) Gumme oo 
Let 
~C\ b= 
=e. <2 
OnOL 
pane | | coo en 
ah © Real — 
J 4 U/) pack 
LLing 37 Ud o tL ew 
Mi h- S Lij Cj ence 
Der OO Fe 2BOm™x 
age di > ee TS I 
Le | ee a «weFiQe= 
Cm tit cd CoC Nf = 
Bz I om LR ee oF 
eS. 2 OO a et 
OQ <W ~9>~—iu0~ + 
k= t= b= rH) 3° Eu = 
eee ee Cee Oy Get 
Crt ee LL meme yk 
bee TO 0 BE Gib 69 oe I] em 


=X 


DEX) 


Za ee 
m Or 
e>P- 
cael 
be 44 
pe 
tL 
il, 


a ied 
As we 


OWA «eCTAete SOrN 


1} 
(— 
ul. 3¢ 
tent 
= 
UV} 


(_) 3 eer OL 


lO 
ea 


JIXKe Slike WOW 
Pepas | Doles eed pe AT a 


Lad 
Oo. WW 


~~ 
“ 
en 
x< oe 
UJ b~ 
a) feat 
a 49 
= nae 
© 
Q a) 
= os 
<I ae 
rag) 
ce 0 op — 
Lij ow tH 
od >a en 
= WeO 
bad cae eee 
© Fit ai 
ee eattes 
Lj LUIithn >< I! 


Ob 0 Us ane 
a Pee a 8 
C2) ECGs = ke 
tii wey ACL OM 
WWI A its M00 
iis Ostet 


of Owe ECO. 


OC tH HOLS 
Qs (iw we OL 
eomTikF Ud 
os oO) as 
b— 9 NE IY 
ow JO AW 
A- Ae ee 
Ost LIRR ao 
I-OraA 0 WwW 
=. 
op 


85 


CeO NWO ews 


oe 


} 


iu 


DTGS$QLO$B) BYT 


AD 
Or 
aaliG 


_ 

Li 

> 

tly 

al 

4B 

<ft 
= ee 2 on 
tty u Lt 
a Oo ae 
Us ke i 
a b— 
thw CS 
<{ “SE eawafe— 2 
NM Oaemomw 
IN ees) Wh WN 
Win 2a aoe 


t= 1} LL JW 
LS) ot 


Sus tiLwo + Ve Zw TOs 
tii ret LOO 6 OQ WMb We 


(@ 
<T 
Oo 3t 
= 
O 
oe 


wth ew a ie 

WO~ FW I 
UL. LL 
pot dunt 





bt 
8) 
= 
C\ eer 
AW 
ss an (/) 
mt emp _ J 
we Le <1 
jou 
b- CL _) 
ore — 
Wee CL 
Gs) aaa) 
I- m4 CL pf 
CO we DTU 
ie-ceQi— 
eed LL LL. 
a | C) Cr > 
O Cr Be 
See = LL) CT 
ep) bee LLU 
i eee) 1 
OOw retu 
er. 
Li rot 
aa C) 
Bio 
OG a a 
Wk 
as 
LJ 


N RETURN 2; 


THE 


he EE VEE 


ee Li) 
wih 
ae ae 
=r 
eo tLe 
ce 
Cn a a 
{| OCA eo 
Es) 
b— FF 
ywiuie 
OC & 4A 


LL Lu 


eae) er ee 


UJ 


be CD ld 


Ges Spree an eee fe 
mY WE Uy = 


— 
UW 


CO 


= NO 


+ 


/ 


+ 
se 


> 
os 
<I 
WY 
tf) 
uw! 
| OE 
Lu 
a 
ae ~~ 
rt + 
EJ 
os) ge 
od Lt 
oS) = 
a th Li 
ee ae 
OQ a, 
me ao 
i) a] ©) 
eG) = en 
f= ~ 8 ~~ peal | 
Caf ‘ate soot Z +O <I 
an) ' — k~ ==) 
oO a <f Q. Ce 
a a ree = ees uw 
i ie €, “tes 
> em + reid <2 
« _j fh | “TT hed — 
be (res: + WAL (a 
Ce me C3 > “ 3 
iti FA © cL “Or us 
Vv Es een | me = tL oJ 
—_ a Ce mat 
Ga. t— Lt Lis Le (Lm 
ba © r= _J 9 a Ee 
Ye OH = O aes 
eal be | <t — Y 3 ay 
Mos ONO Oe CD ee ee <> 
he 8m r— t Y . aa) 
>t I> > OQ the = 
oe) (DOO be oe 49 O.ce enw Wa 
LL temape WwW O¢AUS ews TW 
QE ee S“hk- en CO he b- =} ond 
OS Vins (treet <t Ott ao Wee 
SJlLIWItY & Sod Ge pond fame b= pee | 
OM Ale ae BNE al me al Oe nt 
ig oe see I set os ILO ee 
Oh OF se Ci camer (sy D eet 
@) ll SeS4sU) = S&S 2D**0 >Ouia 
Wen Or Cte oy Es wh Oi} -OWe 
OoZOUAD UMeem Sue awe i a we 
CN = SIreO WNrOUCWwYgy Bag 
ce er Le SD hem WW wo 
le Oot NUCLUN RE CL tt CC) 
aw LULIe SS ied 9H AOQO ZO 
mS Tr F Lu Bee a OO 
UL, ATS UL GS bl = 
oo 22 | _JLi K- © 
Gye Oe St He LL 
Gas 2 ey SS OF LL 
© 
cD 


86 


al 74 
AS 


e 
? 


TABLE AT LOWSPTR LOCATION 


pared 

“+ 

© 

— 

en C3) 

ae LeJ 

oe ie 

— af} 

ve. cy 
LLj ew LU oO 
ra meg) ee 
a) ad if 
OW Do = 
CB Cc) ee 
eo Bee eels 
OQ = Ne > 
(% J <= a ee 
Qa. Omer as 
ee DLW LI Le be 
Zed wk 


ndibend ged we pete fae 
uwell COU Lo Hos 
= HO Age 
tH WI) ar 
OvoZz+ wtO 
Reef (lunNnme Oo 
tee) 

Wicd bk 

oa Ge 

Oar 

ae 

VY) 





COCK ow 
“Os 
exile 
tL 
LULL 
Tg Pd 
bh SD me 
r£y 
KeOd 
<I 
Q 
=a 
CS 
a-4+wm 
kK l= 
LL <f A 
NS yee on 
mi Ck onl 
LL oy CL tse 
oe it} < 
COWL es ty = 
CO wd ot JF 
LL ke oD ee LUO 
A AMOr 
CC LU Fe 1 WF 
oD) Ik tLMw 
Zed OMLUU IER & CO 
See 6 J >< mL 
IXIfZWOWI ast 


PYCESiels 


OW Gz M 
— a=) 
ud 2) 
It wile 


Om GO 


sa f 


TABLE Vek tHISSOATA “Yeu 


ATTN 


ty 
@ tel 
fy (Cis 
GO) 
~ 
ee 
WIN 
Seb pm 
Gee 
Coe) 


eu R 
TY rc Teal Se | rote nd al 


TSH. ( feo): 


Pa rh 
Uj b= «e<t 
eS | pale 
9 LL +9 
aw eS) 
OAK 
he 49 Lb 
eet> SFOcwe 


Dre Coe 


& & 


© ) 


ce 
en 
= 
C™ ae 
en! 
th A) 
sae 
Pauli a 
foe © 


RR 


ent 2” 
See 


C75 Ra Siete 


boat frm 


ws 


4P he tik mu NO 
MUI Ee Oa + DT 
meo<dmda+T7D & 


eas pet 2 LLL 
tf ()— > — -—— 
J. 3¢ WW a 

ELD Noa | be J ER 

— 

a 


>TBLOS+6) 5 


or 


FOUND */ 


MATCH IS 


NOQ 


ie 


Os Ste 
ye) cl 
Oetu 
iow =O 
War 2 > 
Come Ulises 
MuUIM tw 
2 ey 2 aaa ee el 
DIOaAQKe 
wOW= 
te) Ul) Si 
a) eo |S eo 


4f4 ee 

a | a 

fom} 55) 

i wad 
FSH 

e t—4 J 
Leet OM 
k  F- 
>) 
WOM 
wr <r 


FOLWoWeOQ - 


* 
3 


TALTSTIBL UKE } 


HDGSVEC(J+1) 


hm ONLI eel HO “mest 
OM ee ty 

ue ee 32790 

W 3¢ 

a fe) 

<{[ 


Ss” 





TBLSENDSMS 
Le 5 


bl oad 


a A 


LOAD THE DATA 


STIeeO. 


E 


i ya pe aD. 
LS eed 
Co il 
—e W 
OO - 
UW uj <t 


CR ee Nh 


= ee a 


© nae 


wu 
44 ON eet 
Fads 


t~ 


7 


MANOP 


BY IES “OF 


3 


0 ee ee on 
thd ee OS mt NI 
Bt OD we ee J 
Sivoo, (LU tibit <n. © 
a fae Fae 1D J ae? 
qomq7 =z x 
Oaenoese tinea wow ee eo 
CNA OW 
OonNtu CGC Ke 
Bie 2. GUL 
00S COL Se 


ee ies 


VA 
if 


Vv 


ees #8 


Ce 


ee 


* / 


LOAD NID TG 


REPORT. 


=30H; 


D¥G(2),DTG(3) 


tien 


oa 
eet} 
I 
Ou 
nae 
i oF 
an 
LAC) 
we fl 
CSce 
a 


C)O_. ee 
Aa) 
CC oe Co em UNTOUL emer. “San 
pam OO eee MOTO I 
eee Ll eet 1) 2 ar Is 
cee) eet UID Ry ce) 
KU Me 
Cp ws ef Lh) 


88 


e 
bd 


Pa 
ce 
=u 
}- 
iJ -- ox 
ce ae se 
Ger ocr 
a et 4) 
Lu ES 
i LJ ti 
wom f-- COTY eery 
ita) Pe 
UN re 


O— mm a 
V7it 2@aIzen 
<I + pane eet od eae 
LL. FA NA WJ 
aD <iata 
pre! Ol) 0 ee be et oe 
UX egal ce ON ee 
VILWOWFRGHA OO 
oe me AL ALL i 
= Mee) 644 
to Oe Oy Ga te Zz 
Li on Lu CO Sea 
er UE Oe ue 
— prot bd tet ae LE MD 
1 2G ee 
mt CC) LJ 


« 
4 


h 
77 O 
Sas Fe 
oe & 
Li 
fa area 
<J 
54 
owWN 
pe 
b- LJ 
| @ Se 4 
>~O +4 
23 
Yo 
elem tlt 
JE) Fe) 
oa a 
aS es Ee 
fond 
wie):  s 
HC) oki 
ees = 
wh 
b— oct 
~Oheo 
Ob a 
(ey pam P24 
Lolo Veer 
Ce Ea Sy 
7 et? 4 
Ot FO 
Uy “aZbe 
CY Oh Wi 
OMe a) 
Com Dey 
See 
aw 
elu wr 
tiketuU Li 
Soe, Sic 
<I b= 
VIO e060 
of? JJ (ULL OC) 
C3 
oc 
(> 4 
AN 
<I 
VY) 





Ces 


4 J 


Ca) 
sae Oz 
<f =. 
[a = 
= ~ 
Pll = 
om ~N =} 
oD) bt 3 — 
—_ me << LL 
Ly = () as 
CY a ~ 
Cos LL 
oe ic oe 
Li es © EL 
am een e — LL 
b~ Cite E Ps 
Cor WO 
> Se = <I LL 
Foe =~ ™ — 
oO- ad - © <I 
Pom ke Min Zz Li 
LU cD eo Camere ft | ce 
49 fH Ow iw co 
a) <3 =< CO ve See 
OZ oO O0-— <—- 23) 
po ~ a FILIN hr C 
4 <I $e ~ ~m ae ao 
= Ao) [a Ge “% 
= © MO ci-OM es out 
- + iJ e- © WO CD i Ga 
fos good LJ 5 oe A GD Keene © aa | ee er 
b- + mi time OE ale Pd <a 
il >- LL —- Coe —— =. 
—~ OX a. — a Oo s- 
> Cy = emt) smh ON! Cy <4 tL 
8 rag ef Coen 2 e769 -— -F- > 
p— LL ODO Wesslltul~ samt cao 
ZS Uw O of OD ee Pea py Gi a ee 
eelli >. = 43 OC rr Cb m1) ae 
tlhict~— Zee OR DW. D Ke isO ar 
he =O Wwe HO «+o Liber ce WZ 
cael sae awl «QD monk mah Se XD 
(om eat | aie, USOC Sas iW b& <t iN —JI he WY 
O) 4& Cte uw mS lee. LD 
xe WwW OO w WMOwnet’ NODS Y caeave 
Cc © --lowdT Ooo ti Serle e 
Wa <d eee) I OF C<l OrD ew 
WmwmO Nt SA<l Lt bh ee os ee tl 
Se PINON OM WNW ee hw 
a= XX => 
oo is coed h- OQ 
tuth WoL tee oe 
rt oes! 


LL 

Ee 

<T 

ra 

Lt} 

~ 

<I“ 

VY 46 

oe a] 

om 711) 

< KW 

LLJ <1 

ieee o 

Zz eWNY 

b+ t—" 

so wy 

‘ad WY 

—- Nr 

Qa -O 

~N = WY 

* J “oO. 

oe Oo «2 

ww ke iW 

Mu G4 ud 

=p ee | CO Use 

Om re sali 
ie ae QO ur ee 
C) ee HR UD en S 
Mme OMeuj wt 
CWOrRestwjODDY 4 


Go art li OC) et oo 

cag SO a ae 
7 -<ie a Gp rs. tee. > 
oe a OO em) 
wer LE LL SO DOIOS 
64 Jem yes 


aI QO Se Taw 
Ce ae one eo al 
ES ey fae | 
eee = 
Ht <OLL <I 3 <a 
=SOOO™ Ot 
ti 

= 


ae 
or 
~ cn = 

3 ec ce és 

WY) = 
fb — 

u) aJen tt! 

i) mom 866 

a bt 

4 ae ae 

ote wel 

<I i 

uJ bee we ie 

ne aye a 

Cot. 

Fil ZV) tee 
enks — &> 
Ut ae be ev cf 
ry WW Mm O02 oo 
ES I " Noe eet. A 
Aa > tbls sed Mee y 
Li OS He §=LILIiWNsA 1 
(9.0 tae eo pe | Dl ee a 
(Game be oer 27 eed) 
CAA eeeeNOODrat Oli 
Goossen we Co ee el Oe 

AIO UItL Wm") <f 
ee aArazito au 
fae eae ee Se art a hy am > 


Ce Oa Cee 
oe scl Co) & tee 
4 Ile le 
Q Ot im 


ae er Os 
a CCE 
<I 
a 





uu 
-~- 
<f 
0 - 
OW 
LU 
=. aIty 
rs JO) 
a) aTyY) 
=-_e (he 
Lid +t —_ 
aa Za OL 
J Wt 
fc ee tu Q 
= eae) 
oe * Re) 
ee HIND V) 
=~ — % <T tu 
tw ‘oe a — © BS 
~_ = oe be 
~ be b— VY) 
oc iw fee wa NZ 
<j af om 4) ad LL es 
ae Lae =) 1. es 
oD) z=. wer ge «G) 
= = UU — oor Me 
on) 3¢ sa KS BH Ie 
© ~ ee ~ bk = — cal 
Ui tem + + A FT Mm wMHn 
Pas ius TIS ete wo = 
ow | iy al or 3 WOwOMA WS ewee 
=7 3) © Wi<t iw moe OM OCOWwtlls 
t- oem GN ea js 1 9 a Se Io &tOD 
mam Uy CO OW weien = Of — Oe 
ec fe I eo UZ Whe a TNS 
<—f el. Gs pm <:3 m 2.) 2. Qh p— et th |} 
30 a Oe aeen IQ zw KHBSOOh NICS 
OO WW x Omurn4F UW —~ Wer b-- <T te 
ew | om + Net oled Big eri Nee WO Lud 
en MO ko 30) me il Oo” VY) aD Ee Ch wer let be Sc on 
o> Cc) Lig lu oe eae a eet cm tut? Odie seeT MOH 24 
Wun 2>>0 AFOFRILL «& SF7V7lwoOora dey 
rE wee et HCY OO TTAs Us Mm “CLIO >O en am 
emt fm 6509 Il 2S E—- LF OM Lien il Sem 4) ty} jth ke 
OF O2-—TTEWwot een OW SF YC wot BG ULis eoe OC LL 
WY Sade ll PO WwW TY SDee Pew t TTT 
> 4 WUOAOU + © mJ ed be CO Se coe 
MPteeLUNAwWvIOwxOtXU Ie TOS Wi 
Cae O>S Own SNe ONO wk a — 


OOZaa ZAHA LT 
a2 7 (OU loa ga Go) Os a 
ae LI) CL 
() ms OT beet 
© 
mS 


eS 
Bae 
= 
UL. 
a) 


90 


END; 


e 
b | 


fom) ce 
I a 
uw eS} 
ke 
I & 
me O&© 
eot/) Cc) 
Owe 
Pig OBS ak 
moG=a 
Gb Pz 
eeu C) 
< 
tt 


~. 
% 
— 
—_~ 
O 
~ 
Fem | 
z= 
b—4 
— 
tu 
aw 
a 
=) 
@ 
Ss 
-— 
<f 
© 
po 
tl oo 
he ~~ 
mH ae) 
= _ 
aoa '— 
MO =) 
Cv Cea 
OY am 
erp {I we |i 
Wi Vf ewe LL 
CC uj tls te he 
DT e eet 
OOa Oa bh 


LLY 7) pe enc. Y 
OAC 8 
CUS 43-34 JILL ew 
Bier 9 Nie a co Sea any a 
CO CS) 
Cee CS) Se tl 


ee » 


Od 
SM IVAW MOL FIV MO (CK IO) Iba ae (Cl de 


Sel Sy tb 
LUA T I AVG esd | Verne 1! 
Shah Wed OG atta ret owW ot 
oir gtd tel mie Mayvivatyoy af 
Tht), ) ws 
ON 
P(4LLTCT ALND ae. Ve 
MIP IMM am FIV aod 
2h 
Nit Tinadsewde Tivo o¢ 9 
(id 
> hd 
shalt | ad 
-a5 IV eeW LEVI VOTEIIN 
(OEINO” VINA ae rly 
(st) fy Hd 
*PLIVISDSCUW AS 
chat Mab 
WWVETOICS VS gt 
-OC jd ath 
PIAS I4tVvherdld*thol df a 
SOP @ULYL 5 PADD aor 
SCN | 
SLO DAA TUN IAND Ie 
sWHil ad Noel RIV ivatum 8} 
NY ISO GIBATION) AKG oa 
sO)@2P 053A800I) a llHm OA 


oti) th Un 
SediVvVisttadiuiw gi 


(itd J 

GON LV EOP 400N 

ay JIAO 

0a be YINSad JWI 

NMeod da NIL GNSD WDD det bdo. ae IH 4d 


wyAa ie 
= (CATA deb Tee 1 Fe 
-O0 kad 
WLONID TUDE PTE PPO CPI ELD OL Ve 2 CT) 9 ee aNd 
Bay 
TH+ DAABCON@IIALOGH 
>NuNidd NIH WIldVIVatON JI 
-NVIS= (OSAbCON) IIA DOON 
>9S>ID3SA290H JIVTHM Od 
[OO Wadd 
E=sALVISTIGOW Al 





STORESTOSMAINS 


CE 


Ee 
$HD 


Yriwd 


en 

Wayes) 

aN 
one > Il 
Uk coy 
wn WwW 
> re 
Quad <4 


=} THEN CALL PRINT(.QUT23);3 


LL = 


Lid > Tobe oh IY 
OMONGOK 
Bie eros ent) cents iet SE 
fOows 23s) D2 merS 
Cree) 2 OS re POC tL 


MOU 


CTOs SWOUO mL 
So > I 
mab ee oO oe 


Cy 3¢ WILL 
T~NOe 
+f 
at 


e 
9 


ne RETURN 


TATE<=3 
0 
6 


ce a 


35 3) 


> ae © 
fe 
i 


ate 


Eine 
he 1 
Us It 

Pal] pAb 
ene al 
ath b= <f 


CALL STORESTOSMAINS 


~, 

Cx 
LL oo 
(eg Ld 
— any 
= b— 

Cz 
vi! -— 
aa x< 
tj 
Lie C3} 
= z 
pa 
Wu - 
=3 a 
C2 — 
<I so 
food one 
aol 
Fe EE 6 a 
ae a coe 
i> Sf 
=i ¢y 
—_ 
{Los mM 
b- < tH 
<I - 
= i oot 
CO. NS we 
aa 6 o-oo | 
oc) 


TORE STCSMATIN 


WY ee 

vt) 
ao |} 
Sed S| 
<i 


See eee) at 


as: 


Go 


O’AN ke see Zu 
The AN CUCD LL lL) 
anil 66 Sry 
WOO aeL 
CO Zl UW + 
SWAT xrS 


eae 
es) ee 
— 
Tin iL 
Lima SN 


Tit 


} ~~ Se 


De 


~ 
* 
QO 
one 
uJ 
ee 
banat 
ae 
thi 
saa 
aa 
=) 
fn 
‘ea 
eB) 
t— 
LL. 
<I 
co 
en ae. 
ree) dened 
i} pe | 
Ce | 
bk ee () 
at (ee 
e- = 
NZO 
46 bb 
iW UW 
so oe ee 
ir 


ae 
Www CD 
OxZ 
a “td 


LL) 


x arf 


x = 
cng | 


a 
+ 
$m en 
ae | a, 
enc? > 
LL} pong e—d 
(ro -— 
ee, = 
Ce CJee 
LY ec 
CIN ~w il 
Om tl onl 
he WE BES de 
QO feet 
amt Op}. 
© 0 94 fae eA 
~~ MNO & 


© 
9 


RETURN 


N 


ankld 

eae on 
C) he ond 
mw emt} 
ae PD ae 
Zt py 
<I + 11 CD 
WO) <I Ula 
MIKO 


PiIUGO Uh ew hi Tay 
eYw COC ORS 
seTOZaAOZr HM = 
COM OWUOS LOO GE 


wot pS 
ae ao 
Ate UL 
eh. 
= 

t- 


Pp ULI 

et as oe 
Gy GS erg 
Jet SU 





i 
> 
© 
~N =z 
% bi oo™~ 
A + 
oo 
Lis co 
=> ~ > 
eZ) “XN Ye 
oo enel 2 iy jon 
t+ a ee es 
(mm oe ~_ Fe uJ 
~~ t~ a OW LLJ esac — ee 
aoe RerseI OC) CO mb ~ “Qa 
i Cot — woo. | m= OO 
ay) Crt 8h AOW of =~ GQ «« 
a Qe) JS eels) > ek el 
Wad LI Ho S| 1 a, Go. Geta a) 
~ wore OOF —- eOST Se 
DMOew Tet O mUr <—_ Z2 t= 
OFUsS BRYN Re Se U, Ue ee II 
LIC ke ee p— be Y= «fy hm or en 
Qo TAWA a wae pil +e ie al CU 
OwWDOmF BE we His = LL tS oS 
Pe MRBetSeN ey Wutedtee CH MMU ree bk 
OQ CePA re ZFQAWNOkKZ OeedGdaQUryv 
at eke DOr OU Ixy FOF — oe CD 
meester tic 1 OD sao lB lO Dene 
NS OUD WYS sealed a A = a a wet OD 
At Nae BMS eGe GOwWtZZse er cou rv 
Hei | QoaOws~OOOZ CW OO ZewWO 
Meeaay i? ROT bs G 
(o-- << cone be 


mem ot TL 3+ OU ie 
OQ WQUre™s m+ 
7 $¢ LLU 

CG™ OQ 

= 

-— 


END TW 


515 


* / 


QUESTED REPORT =OUND AND OUTPUT 


~ 
R 


0¢ }--- 


4H 35 UL 
— “~w CO) 
a) 
& 


CICS ewe wt OT 


ale / 
oe 


REPORTS 
< 


a a A 


a 


RAiLyY 
EN$ 
DMA 


U 
ie 
Xx 


dla 
mt) 


ef ga 
LAN 
LAS 
it otf 
ER) 
b-- 
<I <f 
ti 
Tanee) 
tH < 
LEVEY 
ite 
Se) 


ere we 
sae aoa 


ee 
Lou 
ia es 
im be 


UNL 

=” ga G8) 

Wo 

Usitjee 
= j-—~ ow 
<a e 
mieten 
Cy) = 
FP 6S ew 
eG Oe) 


RD DR I 9 Oe 
a= Gir 
Je eS Pe 


—i) ~— 


aa 


Ore Wl 2 ul ll ef 
a. ao amet 


Cy wWer-CT 


<I UL 
C= 


f=? 


=~ 
+ 
<I 
-~ 
<I 
a 

te 
LL lu} 
ee ad 
— > 
WS fe co 
YAtLI 
<T iLL —~ ee 
a G9 ae lLies J 
- —) YL LL} 
ae) Iin> 
UJ OC <i U1) 
emer e mw 
DZ NO 
MO Ntiik ct 
Lid LIQ) 
WY waistV 
Or- 
a eee 
O76 ie ie Gay, ob 
Pel DDS 
oa Lull) = - ©) 
LwOatnN 


etic} 
ey) ate 
go OM—2 F 


xf 


~ 
% x 
Ui 
Li 
‘ad Gis 
Lil oo =) 
j= - CO) 
UL — 
— wn iLL 
oe Pad ~ 
Zz“ = &) + 
ty 
ee > we Ue 
m4 86) EEy © ae 
— t— en ern C«<F ~ 
TES | Ww ww! sy = 3 
on) Mm oo es wy) ~ ama |, 2 | cr 
<—~ a e- 3: QA am x cp es ee 2 
I hk Fen = ~ <I < wl) 
= <—_{ <a en CE sot Ooh ac 
Pr 2 ee oo Wi grat 2 UE ah ae, Cel Wr 
mel) OF Ew — 72 a2 UuUnQoe 
co ce CE ws ee ied, CC <ID 
a Y a reas Oe 
F Week © WL <t ra LJ bpm Oe YO 
ieee eee. Cs ~ UE ee ea ST ie Bi ay 
UN be LL ee ra oO. Cree LAF eee) 
op ess Sy a6 io ee) Ui Zz De let 
is Vesta 3 Cee LL ee 2 WW Fibwas DSvre 
iw OM I coun ie (ae tee ES Oe 
Peres) 3 J oot) cv) > 4% oe D> l- Cyne tb J 
I ww oh eal aril nam b— tba bh he ON 
Mmeell Staqaetaiv wil 1) am en Ul et -~ > a) <a 
MNODWNOUOWN <thkK a) ee —a~ fC tee>ZwOm Wi 
453 CO 1. oJ em cf ) i me Ct) ome Oe ti iy So) 
Lu b- Wa ke ao BY Eg f Wet omy DD WM F- 
eeQ 2th Zin) Ea Fase AOR LCL 
TO Lut tL) 49 cd aD > —™ WIlLnwele Wiwda 
omy. lL. Jill en ~~ Q te PDD VWONn weL 
OQ bt Uoana aD i) I SiviaGory “Gse (CNL PLS 
ra ee NZ Oke oO) Soo! a (Gp ecet et. oS DARK 
LLIC/) m4 = UW b~- Ve OO OO wre LI UI rt 2 9 GS UW 
ee | on end) amt jee =) lant OCD LELL TT He BRR e apy a 
us feyy (ir a een) eo eee = Qe Gh Me < ot | a ee ~ Gem eg 
Zee eI sweet TS DSO Ze OR RK LW 
wo woe Hee AAD SHDNwY 
Zu~ © Zee oine >A Un. DOwo. O 
wins © WO DMN FMD ck Bw WOW 
=| MONMLIWMOOU OL CIS DMMZU: 
WwW a) Hest MEN He ULODaAw 
aed UES a Jj US we 
al Se page J OQ 
Im 3 LL <T 36 (UL 3t UL = 3b HE 


Oct SOs NHL SS, 


94 


ef 
pod 
<f} 
oa 
D aaet 
Cy 
toa 
fc) 
‘H 
© 
=< 
}— 
_J ee 
aie 
I~ 
Co 
bE oe 
¢ lll 
Lie 
si 
LL bh 
Pec 
OL 
UL tk 
ow WV 
tt YS WS bea 
m—O  2h 
SAI wet cd 
CO°XS a ee et 
is CMe 
oO he LU 44 <f 
“et F- tO 
ok sell! CG 
One Gc 
fw SS 
Luis 


O-Gj223 tLe 
<IC JUIN re 
Je 

CO 

WILL 


OC) 





e 
? 
e 
9 


Al 7% 
4 [e@) 
—_ ia 
— t-- 
Cc ee 
— fa 
=) on © 
+ _ ew 
= ce aa 
re be =a 
~~ Cc — 
4h ad 
— em = QQ 
and Ze. O 
<I cal pm | 
(550 ~~ asl 
aa <I 
aw roe) W) 
wae bh 
is is Fy Pa 
placa ox Lu 
tu on aw 
([o) a <a t 
(ke ea fl ee 
V mn 7 oe J 
eB a Cee tsi unui 
f—~ + Lh wwe OL 0: > 
<—f 5 A OT) fl Us 
be cLeosere Ocyeitli 


Wk LL LL th Ue 4 
eee fil) « C)<< OC 
WOO OY Le LUE 
MAO Ce 
Oo ww tH 


as 
eo 
| 
lm <3 
=e 
sole 
CL +H <f 
LU US 


SH 34. WIM Lt oe > 


ed) (5 


Lid ei C) 


4, 
CG 
Be 


Git oe = eC LL kn So oo 
era (OC) 0) De WO 


Te 
Ba 


+r 


© 
eee" 


yaa 
LL) 


x / 


MAIN TABLE 


Ga: 
WW ets 
Oot Gr GCS Se 
Oat e<iw 

Oe a ae 
Es Co 
<9 3 UU Ces 
bio og pm 
Lib 

Y) 


e 
b 


UTO7) 


Tee 
os) 
~— || 
bk Lon 
v= <i 
xr 


WY FH ee 2 Ute 


*/ 
MAINSTBLSTOP) 


COMA VERSE 


OR ({LOWSPTR 


OR 
) 


~N 
2S ew xt 
AW i 
Cone 
LL be 
1th Oo 
MQ IU 44 
— (1). 
ht 0.0 
wm OH 
ULI 27 be we 
Te 49 
bee <f LI 
aie @) OB) 
U) fh Fe 
OVRean 
BAS al 
Orman! 
Lae<z ti 
<a SC Cri 


e 
0 


Core Weare Gleas ey 


TATE =8 


ea re 
ps a a es t~ 
— WI DOS se ib 


eC UL Let LU ee 
— a Pd mm ~~ J 
Sere ee 
Re ee) ~N bt 
G3 
an) 


ois 


on 
wt 
aN 


= 
ma 
Oo 

Om 
~— 
ia 
AE oe 
mt at 
Cir 


eh Y 
CHIT) A Te ree DDUEe 
COADieMMeee(ieI gn tio ad 


e 
3 


pot 

if 

Of 

oe 

CQ 

ef 

5 ~ 

GC 

a 

< a) 

UL = 
er. Tt ony 
zt~ —~i 
oc h-<T 
a (2 ee Gaye & 
iy 
i) o. 
Cw OO 

—J th 
= ee 
Up 
SE 2 eee 
b— a] 

m4 AW ow 
Zl OWNS en 
— 2 Ulla gle 8) 


F jhe JIT 5 
eel Nn’ O. Zhe UW 


ook) aS a GP aa he a be 
OF KF ewte OV AOVMPNA SIS Ht WI) 
OWOONOWODtz WOO TUNWM3s4 


‘a A Ped on | Sie pe Cea | 8 


<J re WORM 
ae Ube oe Be Oae 
CD eH et = Ui) 
ae 
ee 


te 











ee ee ee Ds 
edo oS 


1 


TURNS 


OUTEOI OE INe ie 


L{JtMAINSTBLSLEN-1))5 
ER 
DitieN 


ee 
E) 


CO oo - 
be an tml’ 
UN et J - 
ZOoe+O Tt! 
rom be~ CY CL ee 
nee | oe ad 
=e 
we 61Gb YG 
Ze SS 
Dr Oe 
ea Poe eae No el 
wrt 1H DO 
Or wks 


ae red 


LL 
axel <F¥ 
eas 


me ee Cli 


Ly 


ILOK Wa - 


ee) 
~ ee on 
3 om ~_— 
OY ~ pan 
FE Gs + rad 
tL LL pw Lu 
C5 a a = 
<f 0 ‘2 x +} 
[a o~ © ua —i 
f= ~~ va) co 
oe Or- => os a 
Y Lu) eer ee 4 
a a mle O oa oe 
<J b~ oe OL r- — << i 
= Ch. *"C- ee as a “uke 
bat ~ (~~ _ sy us st et 7 
a CQ he J YI 2 ees lH- 
a? + Lu) re lid = 1S + = 
uu Be LL) met cy! CL ae LiJ J «* 
oma 7 a) CF ames Oi el Se Lid Dad > ed 
WO. =) -—~ FO }-- te eee b J — 
~~ S ae on ao oan mH OY 
=r CO Oe +t om me OE b= be om oes 
LW Pad ke tilt oe 2 © 4 9 CO 
fh Lu Vet ee OF ra ee al Titi ee I uN 
Oe ti) CO CWO-e =o. =) ee. Ape IYO 
al mM ee - <P; = e CL ete aeb 
ey) eee CL se 4A Ure — LW oo } wad ral aa) 
=z WV) Om Woe O@ ee ©) ot = Of BAO 
<i>- —e& Cha tO to ea —- Cf 32.0 thot Ss © 
Ut « mo t= Oi. ~~ Oe nN aLwoO ae eee 8 6 ee eee 
pet NZ oO. VY a ae a SSiCy CY ert joe ~~ J eeQ- if f— <f — 
<) = = (ooh b— ow beat ~~ oD BS) ee wr 
iit AtOc os i Cloth Sa It) CD be ete I 
eeOicery SAMA eeHwe FOmRO we Or ¢€ bk Oh arses 
vive), SS Hum "s “Sr O Me LOR Se pt yee 
pte Tt lh = eZ OT ie el pap | ee a @, DOs SS a 
TMD we (Dus DWN UN “HO AD we MRR AtL mm WIL 
wim o> JIL a eee Se 8 I I) I I 
~~ ULL a iw wo Sw eS~e TS DOW vY FT VS2at 
UL OC m4 27 36 LL Ze OTD bm Li he tm ee WI OC) QW =) 
LiL o~ LUN be fC ae ee all Oe GB} & 
me Su a eS a OD ea ha Mabe OD | en ad OD a A Oe | Dd 
LI) COs Oa Sees i Ce 
el. ad OOoewOS 2 eS gta ZONM t+ Tie Teele 
LUN FL ‘ad eat OCU i a et 
ae aot oJ ou ee See 
— Jee oJ Se — a 
Ielet qi , 
OQONOW a C 


6 


WO) YN ret ll IO 


aiZ 
Ow 





PROCEDURES; 


ERASESENTRY: 


mas 
f 


Bebe tte 


TQ 


ee 


i 


Cer eHry eo 
CY One 
DZ ALAN 
OU Se 
ly Wu =) ew 
ee CC) IC 
TW tw €D 
ces. O 
CO Luk Dr 49 

Size i) 
©0449 bet 1) 
eI Orat 
<a (a Fa ee a 
ec Ud 
USS Sas ee 
tu ed pend (2) 
M+ <l<{(<tZ 
<= ek a 1 Oe: 
cy. 


LW 


ed 

Se 

k= 

comme | 

C5 

—" 

QC 

rzeY 

oO on 

a2 yeas 

a oo oe 

28 tao Poe 

a] om p= A, ee cy 

ead oe Lh) 4 am DD om 
Co) se oe 
a se le oe a. =6 <a 
ty ts ee LILI () —- Lee. 
rthi@ ae fe Ba Fg | wa SCO Uke 
Soo) Crim ew 2 See 
Dh tm fe ee ieee Te CC) 

wu pet 7 tt LN CS beet ER 
-C)> TO Che Coc! ee — —JUI 
Yt be ON tO II! + a7 lu 
GV V @matheUsuw > te et 


Mir ul wy} Ane wit 2M 
CL) ke et he O<T #4 <I <T enc, Crem 
Nei Rote ear tO 

mete Th eh AOU KL OI 


t 


KHYE YO Os a eo ae pads Yes | eB 
RI WO IT ad tijem eine ee ott a 

0 7 LY ee Le te | a) Gree ler ee Ee CL) 

Sere 2a bhatt 4 Say az o. 

le ee et ee ee Ch oan r~ 

ee, ay A ay ha 8 

ee) -- I Uae 

Ce) Wie) aay pS ey a, 

OD pe peng a Tati 


oy 


oe 
9 


A 
ae 
ad wn 
Li) ae, 
pad ro 
> + 
aj ce 
a ~ - 
~— $¢ O- 
tf, a 
om << 
«<I <I © 
}-= Lit = wa 
3< (ee + 
— <I | oe 
— ~ ee er @ 
th > 2 at =< — f— 
=a ws t b— oe ao WW 
ry a ——4 Ct [eee ents ce 
> 4 ~ OWN ~T 
r- mt LL ce) N a GOs PO oo Te iC 
i BR 6 ea aw UE fe ms SS Ih ot 
wc k>- at pole) AT -—+ 
Nk nde Pe AY mea 
eo +f} ¢ SCY eb 
Ud fer ey ro ewe Or Sac 
if Affe ke Ul JIA. O86 +4 
ee 8 sted OBS we eI 
Ag YY (es Jee Ca 
os ey ie agree. OO!) 
ae ee) (NeeMOZ eI Il 
- a. —OO Cf + MWY 
it Lursen TO UyDeav tu cor 
Yr wd dre OR YUN E Oo 
<a | i © ee Ol Se 
ee eee Ce LE! |i- Nee 
ZOewee UH Zot S46 eo 
UW) = Co Sew ao. = Co SIU 
Lei CS [WI ee) 
rt et CY —_ CIO 





ee 


(a a 

<{ on 

aeee © (x 

UO> <_ 

1a Tee 
me CLL en 


Creer ke > 
I~ LU OO as LL te 
OL 49 wt LI Lk 
ZAK O OLE 
OCAYO WVHA 
Yo <C ll ww tli 
er tUily “COIN 
ee aed om Lt fet 
MO Cert 2imw 
tC ~~ 

<3) ao es 
fies ow) J (2) 
Mm<I<tu<teta 
(Ub EY qa ae Gag AS 


PROCGEOUR = 5 


FINOSHDL 


th 
LLl 
=o 
~~ FeO 
ke 
= 
Cy ace 
2 aes 
Uj - 
Llu 
wr & 
sell 
Bag es 
he U. LU 
> ee ee 
oo - 
Wl = 
Wet 4 
= = 
Ot uw 
aS ae on 
CIO een 


CD be pelh Us ef 
MM est MMW 
One ace 
COCu Il <T4s5 
ip ae i 79 SE eat) 
Ejeet iw 
Piet Soe tit 
tli tics oY 
Ww ao) 
oY DD -OQ 
(aa paar wy ag SY 
Uy Sd ee Ot LU 
J 
Pill 


2 
9 


Li 

ree 

(aa 

— 

Za 

Ge 

aD 

j= 
“LL 

3¢ Co 

= 
eaLLLl} 
a 
 ooaelh © ll oe 
>t 
Cele SC. 

ao cy 
LLj QS <I 
mes 
Db +f 
CW x< 
ic te 
C5 7) ey 
Cx Il Li 
eet ol a) 
O207 0. Ces 

pe Ee ee 
eel) CO des 
a eh TB ig I a 
LL R- LO 
Coe, oe 
ma DAWN 
>See 
mm <i> 
am) t= 
PA se UUs. 
CO™N R= OO bia 


~~ 
+ 
<I 
iL 
ce 
<i 
Cc: 
LL ee 
Pid us 
— WV} 
pa | 
LL <{t 
ee LL 
—" 
| =z 
om 
Cc = 
enh ee f= 
wets w 
ee 
> ay 
Com = 
ma wT Lij 
LL CC) ener a 
mom ou - 
nea ES | ee 
DOV DO ee OD 


Wi <I lh <f ervey 
OWDH * WwW 
Sas tet 
& Lucoll ~ +) 
a pas ah Sa BF esas 

(600 OD ww 
sek 9M Hi 


on C5 
LLIt 
2 
CC A 
rt 
ow <t 


CD TD ew wer LL tweet oO 
ae Wad 


ye ee fa CN 
Case) ey ag 
<I™ Occ Us 
a 

= 


98 


am at 
= 
om 
bk Lu 
Y) 
eee | on 
(E<t 7 
oe | | To 
b-- <I 
Cy ip 
moe 6 ew 
— ~) >< LL} 
ke Y 
Wt A) cad 
ee A < 
Ww VY LL 
ee XY m= Zz 
Chic iis * U2) oe 
ReibiL > DD 
~auw MN &e 
co DD <b tu 
AO ~— 
LL] 4 Le 
vee > 2 
MZOewmM tw 
ae set ee 
{ty Qk tl ee} en 
a a et a - 
Ore UMA ay O = 
ry <I Jao <t 26 ad 
Celi 6 Fe Set eur) Oy oe 
MIM DD wD 
dl seal onal On: a © Ma Loe | OD, 
—- IDF OO Klee 
Ose scout! je 
foicbee ep ctltesh COU) eer SP 


be DO Om I SZ el 
a D1 es Oy Oe ee Oe ee a ae 
2 wt <I WL” WI 

+f} > Com lLcoluyre aD 
Geo 1 © Cryer], 
E mig (oe (UU 


PROCEDURE, 


FINDSMSG 





WY 
we ~~ 
Cl ext * . 
Lid be : 
~~ elf Lu ee 
~UWILOHY oa —— 
ness eel o> os 
a(DOO2 = Y ~ 
ey ao G) _ 
wend Fe TR < Li tw 
ot Ui wd 
~N Br G Weeds Ue a —Y UJ 
+ b~- boy te A 
eg Pall na IN ee a on ~~ r— 49 
Mell Gots <a, aed =< 3¢ ee 
me ae, Wy) tse ee “wo Zn 
f sac oa See ib coe — % > ea 9 Be 
Wi) =. ws) Get i— ca ay) Prot er 
Lt b= em Teli<f Der CC eo, CC UL! mnt b— oe 
eel Cals c=) OOrs whi Y Co i ~~ ~~ Cjta- —<te 
rt a OC aad Q nM ae go. te b~ > —~ UY 
— > LJ es See | -_ tu © Oo LL Uiesw ODS 
a Pa ce amlWZeNe + EET: 6) ut = cet fF <a 
me ag 00) See a ae alee We RH Cree bee DL 
tH on TIkD FT _ t'J be; Eo. lie CS Gan 7) 
<I (Oe ae) Om Weblie ~-O e he CO OO erakbh eh © 
br A Ee =f heer, a Sit <l). <i gC) sree ery IDS we Ne 
ITO coe w~ Jd a uti o@ Uo <The Qe REE 
@,, <1) -c Pam TeaT ts Wer WH pas | 9 oa m~ SeELOrFO FDZ 
( ) t— LJ OO © 2a Oe 2 ) Is +f} Oo won © LL <I It te CL 
warm iii< 0 @m (Be ali ee ee Ue pera Oe |) oO ae Dee?) ko a | well ool 0 
uN 2H url tf “fat NAAe YSeaeBZsNW O <flus jj CONV t Cee DQ 
oe thy J OO K-Fe iu mo =m FU) OC WW woke WwW {Ole it Be a cw 
UW eR Cm tH Fe UME TU AO sees ee YT OR we CO Wet toe 
- 32 ef WSU BM LIM Lee a me oR << © & WT iu ere SC UES 
> mt at SF en ee 8 ee ZeOFZXOUPFU bee NN Fee DZ HOTT <2 a 
MesCV@Q)IT (el wd AMALWIN STS NONOW NOMW POA (3-6) 
CHO eth SUIS et HO) SH Wee ohn 8 ond 0 © 4 (_) = LLpentA CD «tT 
om CES —““tHiQ) Mts ~ oe Pitas Von! oo 
>->OoOztO ye eae Lt. Poteet Cae th 
WiOwn © = WU Ow dD — LI COLLIS et SLUT LL es 
er Ss Sele pais) i 
oo) t— }— k= 
ett. U_ oe a LL 
a) am — bot bong 
ujiC) 
(| aay 


oe 





e 
b J 


z= 
id 
=) 
be 
LL ~ 
oc 3% 
Pus an en 
Hs: CIC) 
2 at WI 
e I = Il 
Ud Us 
O LF 
<i <1 TT <f 
emlll fe fe fH = om 
Ule ere) a) 
+g © © ake 
weewet) OF meDus> 
Wi a 1 IA Ok 
ree LU COL 
deere em RDTM 
mele ) <a ar 
SILA tli be eel” = 
Urn Worm bier 
— orth OIL tt Toujea 
tg CYL PN P=) 
| rag z 
LUC LL Lu 
=k 
— 
Le 
Cece! 


IND$MS33 


ND 


Lu! 


i- 


END 


*/ 


ae 
2) 
~~ 
<I 
>a 
Pad 
-) 
—| 
b— 
— 
= 
~ VY) 
+ 
CY 
© 
us uu. 
= aes ~ 
— ego oe cS 
b~ a) {> 
=z ac 
<r ig ee <a Wea 
tf 3 — by Y= 
~ _ cy’ eA) 11)Cc 
<I a) -- W ecem 
i > oO ~ Li be 
uu Fhe 4S iu TDL 
= ae Bc ec CO Oe 
2 Be ae) = ps 
bm Li nee NN il 
WY wm ~~ V thts 
_ > _J on eT tj 
(ad Wo oe) a? Zh 
en —k be tft raf— 
‘aaa > rr Ue a ules 
LL ti ‘aa —) Nar cw 
aah b— be (GES se > 
ene bby fae <I ty bt. 
Li: TC >- Loe ee i] ec ~~ OE LL od p= 
(oe Gs SOoOeeTMemMen OW WHO I ae 
a eat Sete Oat. SSG? nod 
se am Ys ne oe Ds eS =e 
wVom J DwRrOl fw OFwore C8 
Wetnt OZ TORU HUW>- Whe FH eabp- 
Ob Lh mee lLeiLNke NSE TF COO. 24 
MoO we 19)er XW eO<cd OCW Fb MO 
ORL FZ cleete tbs OVO ibe <T ie ke 
ee Oe a ODE” Bal 0 oe ee ore ee Ya A 0 
eG NOt Wd wa KI eet eh of OT 
IIH POSH DUO SWeewww Dowd <i aw 
ete CEL) we oo SOO ISrvy COMA wWm mK G& 
fetter fu DOS e4 8 ft mw eee OD 
Yo ee COL ee Cy) Loe oat C0 Sd 
Be ae = THU HK LL Slew 
=e NO Nees LUO 
OS 3 th © eet 1 a pas 
ei) Zz 
ae a Lu 
pd 
UL. 


100 


ee 
a 


= 
ae ee 


7 

Ore 

he, 

bt k= 

oe 

sof—(C) 

COW) o 

iy i — 

i! eels OC f= 

tt (ike iit 27 

= il ts 

IT Cea we 

te ee LL OOLU Cu 
WNO>SKr 


0 cig oF As 
Jus eNO) 
AS 
r- 


+ 


M 


Gs 





wh Vs 
*e 


}-— 
~ =) 
+ Oa 
— 
=) 
Q ‘e) 
me 
=o jn 
&) ad 
(2 O 
Oa 
Prd ees 
oe x< re, — CC 
Ww <I — Xa) 
Sac ra >a - Ore 
3f <I SF <= rm) 
aol ae oi ae 
am) fa@ Un 2 © 
Oe tt Ee N™ *UL) 
© - A se le we 
LL. Ne) <{J tt /) i- © 
oo ad ke a 
4 <r ¢) en Uo) 65 er »-t ke 
(> ~ nit Pa ti LL a ae famep) 
fag iT => ad Ce jagjau eo <f 
«<I IN 8 = <I = hs eo ib 
tee — C45 _ bh LL nd OS a)! 
(in Pa ane aa’ uJ Va) on bm gs oe | 
xt —- TT a 4H b—- =m LS > be xy bk 
(a ee Oe - aa ES og LLic <I 
eeh— i) UF an en Wee QO Bea ry Ce 
Ne) tt > Wo We bens -— nas) = li 
tem FB jt Il x= + axa OMS yy oe” LIT) 
Reet) (5 CLD MU ~S HO Sc ili ev 
CO 4 LIAO) ew ttl Lu TT ° —) 1 b- 
wWe>iLlOos> 2Z> oo LL. tevfne =| 
>< tH MHD oe ih -—- OF orl or Lee tc) 
Pk COWL (HCOMwBCS “4 te ila Gyo ee TIL 
wee) > > SOO” at CEC — jo wa omy OD ~~ 
~~ OO TA wort CC) <—fM%en ote ce II No CO er 4 
Reese — (5S <t ji eellleeh OZ Tibeeewt A wat hO 
tly af LOUIE Ow Wwron ZK tuwetik W OFKDD ew 
oe LL) Ts aU) aie, Vase aa HM 2st ta: uJ 
as) > jf o> OCS whe OWI ee THD a) 
fe eee ALL ZPMReOOZH AW TR oH Reeth ese FT 
Vo Gy ee aoe OO DWN OtCuSPrrtaesnA NO DOM FG 
Mo = 3 OC See io oS oe eA el) 62k) 
LJ ~~ me yTuiy F- CS. xe OP ee uel) ae! ‘mse 
72 © <UL Cory COZ OZ SAWiLst ae 
Ou Ob Te TN SDS YUOWIO Re LULL 
=a i > & 
- b- £.) 
iL. LL = 
| pean Lt) 


10) 


~ 

A 

>~ 

5) 

© 

a) ~N 
teen 

we _~ 

—_ wt 

<I So 

Pak ah 
<I = 

pon | 2. Cl) ox 

Cay = °*A 

ee emt + wee ft 

4h oe TT Corus 

fu Us ake 

hm OI ORD 
ioe ob at acer 


Cac nee be oe LOAN on 

tu MWO=> FA 2 
eYr & RO WLilWeaet 
O<Lee<t Ww eel Ete) 
JIT Me ee OVHaWOZwH 
eOZWMMIGUIN RU 
Y iS OrL ce 


Ud Jit ae <{ 
Poon) Ze. de 
A rn eS , 
= Oe ol. 
Ce pe 

$$ (WT Lk 


~ SO eo 





IN THEN RETURN; 


a5 


On“ 


Sey ous 


eee ere ©) Ut 
ret SOLUS UI 


* 


oz 
<t 
‘GY 
08 
cS 
fe 
O. 
Pal 
— | 
a) 
= 
S 
ae) 
> 
a 
Pag 
© 
oat 
oa 
en 
nw —_ 
= LU 
~ <f on CE 
% (ad — © 
cD +r 
~N eon Cf) enc) = 
CF tt > eo Wt CM 
cr gr o. 7D 
<f bk icv @ 
cK 2 ae Alike e <f 
~~ © Se oe OO | 
© x= Ge (Se LL 27 ke Z en 
iu on Wok i bk eee 
fe J Se Avo OL ove re 
cr OC belie lt EN p= et oe i eae 
3 ‘) Te He yipDOerGtA LU 
~ to SRN Wee SCS ZW 
LLIUS ow e fre Wit © aig © Wich Wea OLY aap re 
is fel Soe oe We | Co a a ae aa CN44; IC) 
tae bk > O LL wei lo!) Coes (Cle Vue 
iat ‘aa Veg wees ea at UL Liye ot DULG) 
Oe WY ~ ), [ETRE] Ten ea cai bj pam aes i DT 
oie cr CD ee wk at UIE Ake LL pF evils 
At <— ke ee ee oe a) 
OQ) Ws Soe Li Um iw Pac a eB 
Oee IYO en Ort Zi TT bot (_) f= 
Peacoat i JC), TLE LL) bh tS HH 
Ow A Jet Zr ew y am 7 + 
» <{LL © (Wu LL) bere LS bf re 
a LLILL om fh Ct 7 $5 LUD rewthl 7 2.) <TC) 
im OG COW Wi Gye <5. 
a al Oh vy 
Ut LL So Bes ES 
= 1! Pgige || SE) 
be LL oa tC) 
Li uate 
i me CD 7 LU 


102 


e 
2) 


LL 

= 

Ce 

~ 

od 

(ea 

= 

= 

Lu 

Qe 

ioe 

LL} 

o B 

j— 

) 

A 

V 

Lj 

Cy 

© 

a 

ea 

= 

<j 

x <4 
EEN 
i V 
> LU 
mo 

© 
UW ss 
Ct = 
> 
Gyes 
GG Im on 
Ot & 
& ud 
eee aed LU 
Qre «ats 

Cote 
tee (4) ) 
KA IZ 
LV <t +> 
Wyatt 
a) | ae pe 
i © 
ae 
ie) 
fH OO 
Uh to 
(D sn LL 
Gs 
=. 


en ee 


ite oie 

CA NI 

~ Co 

“Nw 3t canal aoe 

3 Eb 

MOO 

ed ee 

el ee (ap: wag SO 

iin ad NW be he 

a | i a ae 

a b— rant b=2! 

“us ca ieee a 

ig hla Sl t— ec O& fi. 
DOrmyv NO 

DN AC HY LL! 

Wim Neat UW JH 


Wow eOrcaid 
Oe oie 
Ela Go fp EI 
(a gaele awe ~ 


ae 





ne 
Zz 
rad 
=) oR OR 
‘a ae 
Liu LLI CK) 
= (6 ae) 
[= Oke 
a ee > eae 
YM wu) —C 
Af T Cae 
nee cntedl soe on Doel 
oi © vo Lk 
iH ot S) «to 
Ww Fe eH De 
© oe’ - 9 eel © 
<I QO reei O eee Oo 
he O2rFKFO 
WY FIT HO jee 
al you IO 


MO-J HOCGWOOW 
ees ts 7 So 
aww aA bh 
eo) UL. 
th 
© 
a) 


en 


tL 
cna 
Ce ~ 
ew) (ap) 
(an) = 
igen | | 
Of ae OS) 
a2 Cc 
QS 
> 
Lc 
—" 


ee Sie c 


SDATASTN 


ee Oe | ipa apie Tape Be 
OU ws Il ia 
Comey et i 
CUO SE 
al Aven 
J colbti-aor 
ITU. MAM ae 
Qt oe a ILL 


Cec hyo) lat 
Ve! ES) +e 
{LIA I~ aap) fy 
oe | 2. aoe 
be LL sat.) 

ea Wit el 
bent peed (iS 


e 
? 


(LINE) 


PROGR Oat 


2 
e 


SE PSC rse i Ne 


ood 
Ld ed 


ch 

ag 

4 

as 

bo 

<a 

ad 

C5 

a8 

ee 

0." 

— 

eae 

art 

ao 

= 

ar 

(a) 

om 

te 

CD Pass 
eZ Lu 
LLIN } 
WG ) 
pes UE) ti! en 
Oc a x 
— fo) om 4} on ve = Ud 

a) oa LD ae WE es 
UJ <f + eo Ow ow (F 
a a LL enn) emt ois ee) 4ALbL 
~~ te~ CIAL + eethy GLI m= 
Cos om eT tliat + GOCE Lies {co 
Eoving GV HWMNTUIMOAMM +0WM 
al bs ent <I M<egqgisCyc)> mqaeAw 
tS fives Ou aS mL =6+~sLl NY 
pa pe OMW aH 444 iT eG me IC -% 

_ aS Own il DOCOms—™ OMADA 
ee ludmtmaIwmvnROk-eNHt WIG 
Wik Wik ttre RAO TO wm 


Wil WU AsWAkra SU HW tt Om ee(N MILL 
ON TOW KHVO HDMi nwhnin 
“8d TU W BT PH Bel SIL 


eee Coe oC 0s Co.) OO 
Fr Ht UI Cea Gt C5 ©} erm = 
rN O eee ti. CO) IM 
uu 
VY? 


103 


cue POA Ova Re COMM I ENG <7 
? 





7 


we 


WY 
}-= 
ee | ies | 
ui =. 
ee Ca) bow 
(Ga al) Q al 
tj <i Peal 
WZ UL US Li 
c) ~~ iS co 
—_ 3¢ Pa aut a] 
= cy oO Cy 
LL ey p— Ll 
a t— 5 = Sa) 
rat WwW i! <a ee re 
oJ WV ce bw LL 
< <f ~< er 
© VY) en one WJ S 
FL * en me \7 a << 
Se Us ~~, ate) CU ont owe eee rvs 
$¢ ae + \! be- NN UL mt -_ x 
~ = ~ 27s V + Ic. <{ 
+ et tLLiC> _ a ot aa ea 
en em tts ee ~~ al — OO @ ae) <I bk Dh +f 
“~~ eel - WY ao Cir. ft em i i ee <=> ae | 
<< ao CA! =) cv Zz enn (ae i~ U7 > Ly —Cjhenmn Oldew 
a) i Ih ow = wo U Cmee DMDMer ao eth LL 
Zz Sa eae 6 aN b~ berm EO SS Oe =i ~5 
& Se 7S vy >= eae Venlo <Z er So 
“US Sc Gos ath J Gp a UJ (Bi) ow % WOOD ~DDeS CLD mite 
SH ad om 3 e t ® CG Le = BSP Cowie Ou <4 
ad ~— Ow we 3 ee ae Fa MIT ACsKHeO Ye So 
<< Ci eile), SKY = om = 1) Pum WK rr AewwOiZ Il 
Of eeteetU Us oell Il eetis weeem LO Si! ry’ eweermt gst mk let OW a at 
th ate tet) INiMn we) Wie a OQ COZ D0~— Ge DaIO OO JIDeekreH~ 
LL <T fl Wood mOg YPOxs 57 ot ee SO Seu Ke 3 NeI OND GL wet Re NCD NU 
Sea efi Jia 6 1 Ze OO Wt Wet WAWwest CF wT SKB Ges. 
meth IO HH A IK Tj. ws Or bf ae gBOReOT WWD, wWNOtWS 
wz WF —) th jp Us t= LL} ar een, Wes amen © Sey ommne = alga S mt 
h-<J Mt Us Or Z2a= C AWD De WANNA Hee D hRaWE <I UJ 
OK ZY HRY %ZN jm ww = OMWODUWIL CW Dae gwe T ays oe 
HD wr “Ne ~ e GB o> Co come Al UO Omots Hor we te 
“N Mean Gosen Stiser Gijem Ys a (9 OOOS CLL DO Ht ed et ee Li ER a8 
eee Yaoi Mot Cy We ee CV <T arty Lh ea Wut Qe aoe te © 
HOM PTS RAF RAS eet Oe Lie Ql Sen at ©) 
NSU ee OD OMerQUlWeeQOWUOUN DD &—& Owes ~ cS pai [le Cb ¥ em 
cS) © © a) ae OO OH St lu IGeterano 
QO [aa xy ee Wu GC KF NNEC SS  ) <t O) 
i OR rcas ee —! 
ei <& 
— 
WY 


104 





eon Seco nboe So Poe (ARE +7 


Gl 

ae) 
> OC renee 
ol _J 
> ~~ DY y) 
Vay er he 
i ee <I 
NSN Oeil y 
i] Ome WY) 
LL. eng’ OQ. 2 ee 
meecjus x C) 
eae _!> 
T'y IRC 
3 lua 
>a ye acu) 


a8 // 


aa 
<1 
bea 
— 
a 
Li ~ 
Q 3 
a) 
Li. 
of €E) ~ 
Q uu! x 
tt) k= 
<j 
cw ) - 
<I Cr a 
tu a LiL U4 
= —— 
i) «lf J WY 
( ~~ ~ 
eS UIC + 
e—™~ <I = 
“ Lu iJ 
~~ Sle ey _ 
WY Co i om 
wag LJ te <The ty — 
Qj a Gre OL we; 
(em) i MOU eece i) 
wat © Bi Moco ES 
an jee =. We oc tt ae 
wo Lu Ui~ (O48 > 
CT Zen worms ilo ty + 
pe ee ee) wee ON 
CO Te Meet Litt ot 
Wie ee Oe hie JOTI on 
OW OS 4UI SS ee ce ee LY 


Ce, Uae es CG Se ss ey 
SLA Nim AOD UI oe AS WLS 
Ou me Mel COWO Rw Ey Lat 

AaeEe tur Oat et Seb 
am <a en Ce en Oo a a es re 
Wer OO ae OX jG CMS 


Pit ib eat oe a Lee 


<0 2 2 Oo 30) wet FL OL) ZS oe 
hmm Jl IC) Ed beeen SEs 2) 
A J WD. H SE <2) 2 ed 
Qc (ey reed eas Oe Ce Se) 
<I 4¢ $¢ 1 qaqaiz 
ts. CC} > Ee (De 
J 

2) 


105 


Nine 

+ 

aay 

oe) 

— 

F 

= 

—" 

<I 

> 

CY ae 

Prod ~~, an 
a § oA 1) 
Lu <I x. 
k J =e U3 
> (_) be oe 
CG he et ome on 

«f> ee ea 
User es tA OO ete 
i aoe OO OC i eg 
OL b= 472 5) 
Oo ~ w8oM 
Wud > oh ad 
LIN Wve 
Cray bk New wee 


oY” Tj<I oo) me 27 ae 
Qe Tyva Oe wed 
pet Ce! 
TO ood uN reawN 
feesetis sire Tr 


Pee Go) Sea er ee IO) 
MeeaeTt DC a+ AOTWMN Yo 


an 

San LW) 

3t WY 

ml 

an <f 

am () an LL 

Cw & 

QI) =. 

a, oA 

(Of ce ae, 

met [LJ vem om ik~ 

«ce Zz Ow tL) 

a) 4A LUCA be cc 
Dm CCOMR NY ee 
+3 ¥y IO he | 
bel J @t-- © Be & 
ee) t-1 s+ () bh <f 
nat bh TS bh Zoe oe 
eal) a. =<. we 4 
pe Pra il og a lle 
2.) tz ID ew 
am <T Le OL rai 4 betsy) 
AD ae |e) aa ee Rane ‘2 ae 


7 ke eel ies —_J Sty eer Cc) 
ene Lh Se ae eee ak 

Quaairy 2. tal Ge me se 
(Og — “SWOOW 
LL <{ 
rma CD 


A aos t OL eZOL 


tyes Caer 
wi % WTO 
> yes 
<f 


pb 


“SOOQOOW Rl 
iL 


| 





+e 
tid 
a | oe 
co 
bo 
WY 
za 6S 
Oo Ww 
eT eae) 
b- OM 
tb <{ 
UWI bee 
C) 
<= 
ui 


e 
9 


ee 

b= 
ent 
py) 
ji 

cm Ws 
tect sep 
belie <C<_ 
SY) WS bee LU 
Owe OL 
<= th oO 
A iu 
GTTOCZ 
LLC) ee 
| 
cS 


ROCEDURE;$ 


= 
SALL 


™~ 
<3" 
o& 
ud 
a 
fet 
i 
LE 
and Sw 
— 3 
— 
2 
me, en 
te 
}+- ae 
U5 — 
VY) wal 
tI ee 
~ ak | = 
st (ee (am 
<a Cc 
— 
<{ Be 
oa = 2) 
~~ t = <j 
“- 3% O < lw 
™~ a | 
Ww + rm 
NNW % © 
3% OGe ~ u 
Ser) ® 
YW - Lis 
SRI OO ke oe an) 
N22) a) © 
MetbiviWy tw z = 
QAMNa oo ui} Sa 
LY oc 
fee C oe < 
waarn be ty 
Y C5 @ p= ew(l} ow on pees | 
LLI CY 07% pi twee om C1) o~ ye «) 
oh OGD ay asl gy mas NM 
Let Pee ns ew 
bk- <{ SET) ee fa ECS 0 
+ + ZOewweeZ OD 


St SE NUD oe 


Y) 
Pat we ee ee ee sol) Lt) 
NM SUS LU Y) 


a hae (I oS a NG 
Wath Fe OseTS iad <fea 
embet~y S pe SSE STR eam 

ence ecu Sf) Teejyow Tt Set naatowD 

mT Det > er MI VK ZO ZTOOKR SH 
wOOe WYO! 1G eer ATHAOWE, 

VIUNC 1  OR SR Le Nt 

eile 28k) US Ee eae I< if <r 

CMDMg DwHF#ZNsONSCHVUDZGCOK 

time Te Ole ee FrEOW 


aa! COLL No ee ed ce a 
Tu aod am St SIT oN HK 
eee Ue yt ea & 


106 


~™~ 

3¢ 

| 

Luu 

VY) 

Y 

UW 

¢) 

o) 

(of 

G: 

Co 

eae 

4 en 

(J ~~ 

Ou 

Ae 

at 
ee@llt J bef 
tim A LW 
we & 
ST) me 
ea, stl) 
te ty) er on 
CLIFy @a ke 
Mm2zO ade WwW 
re) Zhi WY 
OB IY va 

mee Ca) ae 


Wetil Sealine 
Ga ae oe a el 
MOMWOLL WLLL 


Ce el 

Wi ha mn) 
Ws ke < 
td LL nd tu 
| 

ic 


TA GR O4GH; 


Ot 

Si <f 

aol) 

wa <f <1 

OO sks ta) 

MH th 

Us) 

at 

NOrn ZT 

at 1 tA 

<i thas: 

~~ b= <a” 

ze VW) <T bt 

cy. ke 2 <f 
LL (348 CO) 

Lu CIN) 4 2” 

Iwi 

(ook 

CG) pas 


b= 
fe @ mie 69) WI 

OY 
Wa" O44 
Cx band pet pm 


Sb) te 


LL tA 

ZG) 
re 
Pope Ho ates 
ies pe ie 
<tr if! 
bee ot 
—jTuUse 


i <a CO a 

Meet (0 rej—-OQ 
C) sj £y Se 
Cay Gee Chr ea. 
3 i aly 4 GD Me TE eB 

QW SEAR 
YS SV LLI COV ONI om 
ee OMwZVeD 
WOO Mime H 
aes Ode DE 
me IIIS (CT 
AO Te See Z 


49 SH UI te 
<I WI df 0 oe 
Ft ~ Pd 
Sse Ww LL UL 
de en, pet bod 
pe 

tL 








CMe 
orcs 


J ee 
<{f ~~ 
LL — 
= 
Zz = 
ad CL 
=) <— 
= iu 
uJ = 
% pond 
— 
Poa er ~ 
uu C5 3t om 
a ath _ 
b= oa] 3) 
cw eal ay — 
-~ LL OU aay | 
a 2 PEL ty as 
=a) 3o et <I ~ Y) 
ee = LM 
<P +f} ul) ao 
Uy FRthL CO CG on 
pa GY) J ud 4 ULI 
me =6ttiC “A R= LL! ~ = 
—j emp t/) HULA ees 
eee <I re CS — 
<I C) b-- Z 8e a) 
bee LIC (a, A lp as = <a) 
Ir-A w tUZO Ld oO 
Omen o~ they <a a 
fH J De eH > © eed bm 
MUL + DEED PS fe of se eat 
<I = Fat 26 aS (No) ied ~ | 
enn << —) 247 A> ~ +f UL 3¢ <i 
2 el a Lijete th 3 WY W) 
td > +A Zz ths Oh << J 
ot) tL mt<T fe <ys oe 2a Ps 
oon ae Ik <f oT pir ag tm <{ a a8) 
HZ eke re wb 2s 3 core) <I ae 
ern tt) oe iLL Ut sealife xe ast, Sn aa od be 
te Yt ln cS CO We eow. Uf et C5 
Lil bb oe Ls ewes EO AS Bare ee Nee oO us 
MY <_Isic — OWoOIZU ee Bee 1 ‘ee ee 
ree. () tL! en | Od el -- 1} es) ent ine -@ oot. OO er 
AeO Se eel. OSL kee WR OS ke lu Zien ad 
Mieeermwt) te GCmtOCror2z wk aa Ze, a> #* 
ae tires SSE Ct PO e SI >t Sea. Sa bond M% tH ewes 
© OF 223 COR Wy ED )io a > Be ee ing || eS + J <I Oh 44 
merit seecti eevti pe AKER HOD YN &Feo=m~ NYS = Seu 
a a) et A ee lliet Lj calext5< alee Gy Ce ee Coe 
ULrmty eer emit OER Yo SeeD we eee D eet 
2a S| Gane éa| idee ora § a8 ad {_) jf aes Soe ea OS WANA COLL oe 
Meso. te LL <i S 2D ee eel OR rs 1 oe Va LiL % a GF © 
ol a a go ts Ye ae: ee OD Ib UR mean | ~ mt Jil Ut ZZ 
<—C) Wer RMUOTO C mL OO. wal 
(eT ga) PY) te Cy Cc) af ee LL tu <t © 
cS A 
= 


(ey 


= OF 


t 


om 





flo sO eo tre £5 


Backler, Jordan, " Disk Storage Devices", Diqitai 

Design Handbook, p. 539-75, December 1974, 

Decihe oee co ON, Optimum Transmission of 

Environmental Data" Piect Numepical Weather Central 
TUS 25 AgOG - 


f 
Technical weno No. 44, 


CMT aeOOer eis, rne, Pntel 38080: .Fir 
Second-Generation “%icroprocessors", 
BUSCcym dy 19/4. 


Botennonard, '' HicLOcomputers Sorttware takes Its 
Dovimeunwe fons opecCerim, p. 78-84, October 1974. 

oll, seuouabG,. ' COmMDItecr Systems: Hardware/Soitware"™, 
Poem een Ui, De so -45, Janvary 1975. 

Gray, RB. Gag. bed, USN, _ Specitications Naval 
Environmental Display Station (NEDSS) Operating system 
ROS) 7 p. Hobe eee t NORGE MCal Gentral, “Narcn i974. 
Guide to Pees Programming,  p. 1-48, nee 
Set oOrdetoOnh. 0) | 973... 


108 


Peete teeters TON LIST 


Defense Pocumentation Center 
Cameron Station 
Alexandria, Virginia 22314 


te bpreary, Code 0212 
Naval Postgraduate School 
Monterey, California 33940 


Chairman, Code 72 

Computer Science Group 
Naval Postqreduate Scnool 
Monterey, California 33940 


Professor V. Michael Powers, Code 72Pw 
avai POSegraduace Ssi90L 
Meonrerey, California 93940 


EP eRGGert ets BkKStrou,. USN 
365 Mary Lane aes 
Crystal Lake, Illinois 60014 


Miettlitanet. Reainharat,; USN 
ti2o7]> “AbrayPlace 
San Diego, Celifornia 927128 


109 


No. Copies 
2 


anh 














thesE27 
icroprocessor-Dased COMmuNiCations In 


i i ti ill 


a: aan siren 









































